PINBALL 


. MACHINE 
\ MAINTENANCE 


MANUAL FOR THE REPAIR AND 
MAINTENANCE OF ELECTRO-MECHANICAL 
PINBALL MACHINES (1960 - 1977) 


we 
re 


* Little knowledge of electronics 
required ! 


* Many tips and hints for the 
amateur. 


ate 


Clear explanations with many 
schedules and illustrations. 


Bally, Williams and Gottlieb. 


* Step by step repair and 
replacement of components. 


Translation: Henk Wijngaard & Paul Scherder 
Lay-out: Henk Wijngaard 


Pinball Machine Maintenance 


ISBN 90.800738.3.0 


Publisher: H.P. de Jager 
Post box 23419 
1100 DX Amsterdam 


Original Title: Het Flipper Service Boek 
First published: 1991, in the Dutch language 
(c) 1991 Henk de Jager -- Amsterdam. 


No part of this book may be reproduced in any form, by print, photoprint, microfilm or 
any other means without written permission from the writer. 


H.P de Jager DISCLAIMS ALL WARRANTIES, EITHER EXPRESS OR IMPLIED, 
INCLUDING, BUT NOT LIMITED TO IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE, WITH 
RESPECT TO THE PRODUCT. 


Pinball Machine Maintenance 


Foreword 


Electromechanical pinball machines are switching on more and more as collectors items. 
And rightly so! Both from a technical and an artistic viewpoint they are representative of 
the time they were constructed: the fifties, the sixties and the seventies. 


But how can we keep them going, or repair them? Where lies. the logic in this jungle of 
wires, coils and contacts? 


This book offers clear explanations of the way the electromechanical pinball machine 
works, for beginners as well as for more experienced mechanics. 


This book also contains many step by step manuals for replacing parts. 


Those of you not yet familiar with repairing electromechanical devices are advised to read 
chapter | - 9 and 45 - 45-C first, for an understanding of the basic principles. 


I hope that this book will contribute towards the conservation of many of these 
marvelllous machines! | 


Henk de Jager, 
Amsterdam, May 1994 
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1. Introduction 


To understand the way an electromechanical pinball machine works there is no need to 
know much about the nature of electric current, or the way it acts, so I will not discuss the 
physical aspects of electricity in depth. A brief explanation will suffice. 

Further on in this book, I will discuss the separate parts that, together, make up a-pinball 
machine, and the way they are connected. This book was meant to offer a sound manual 
on repairing and overhauling the classic pinball machine for professionals, and for 
"laymen" as well. 


2. Electricity 


The simplest form of electrical energy is, no doubt, the 
battery (see fig. 1). When we look at it more closely 
we see that one side of the battery is marked by "+" 
(sometimes the other side is marked as well: " - " by 
a minus). In this way it is indicated on which sides the 
negative and positive poles are. We also see a value 
expressed in Volts ("V" in short), for example 1.5 V. 
This means that there is a difference in voltage 
between the negative and positive poles of 1.5 Volt. 


What does it signify, this current? It could be 
compared to the "pressure" in the water mains: it is 
not directly noticeable, but it causes the water to flow 
when the tap is opened. In the same manner an Fig. 1 
(electric) current starts to run, as soon as the negative 
and positive poles are connected to an electric circuit, for example the lamp in fig. 2. The 
electric current runs from the plus pole trough the lamp to the minus pole. We call this: the 
circuit is closed, the current is able to run from 
plus to minus. The electric appliance - in this case, 
the lamp - starts to work as soon as a current runs 
through it. Of course, the same goes for all other 
electrical components, engines, electromagnets, 
etcetera. The size of the current. that 1s going to 
run (the current intensity) depends on the "ease" 
with which the circuit lets the current'pass. The 
size of the current is expressed in Amperes (short: 
A). The opposition that the electric current meets 
while running through the circuit is called the 
ge "Resistance" of that circuit. Resistance is 
| expressed in Ohms (Q). A relation exists between 
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current, current intensity and resistance: 


Volts 
Amperes = 
7 Ohms 


(Ohms law) 


When an appliance, connected to a constant current, has a low resistance, the current 
intensity will reach a higher value than when the appliance has a high resistance. Normally 
we say that an appliance with a low resistance "uses a lot of energy". From this we can 
infer that current and current intensity together tell us something about the amount of 
energy the circuit takes away from the source of electricity. We call this the potential and 
express this in Watts (abbreviated as W). 


Tension x current intensity = potential 


Example: A current of 0.5 Amperes runs through a lamp, connected to 220 Volts. 
Therefore, the potential of that lamp is 220 x 0,5 = 110 Watts. 


3. Direct current and alternating current 


It is easy to see on which side of the battery the plus pole is. The position of plus and 
minus never changes. When this is the case, we call it “direct current". 

When we look at, for instance, the wall socket, there is alltogether something else going 
on. Here, too, we have two poles. But the plus and minus, however, switch from one pole 
to another many times per second. (In the United States 60 times per second). We call this 
“alternating current". Of course, now, we do not speak of + and -, but of "live" and 
"neutral". The number of switches per second is called "frequency", and is expressed in 
Hertz (short: Hz). The entire circuit of electromechanical pinball machines works on 
alternating current. It is possible to turn alternating current into direct current. This is 
done with the so-called "rectifier". 

Williams' pinball machines since 1972, and Bally pinball machines since 1975, contain a 
small rectifier circuit. I will discuss this further on. 
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4. Adescription of the electrical components 


The following section describes the most important electrical components of an 
electromechanical pinball machine. I will not discuss the way they work internally, but only 
describe their function. | | 


4-A Transformer 


A transformer makes it possible to increase or decrease an electrical alternating current 
(let's say, the number of Volts). A transformer has an input and an output. Mechanical 
pinball machines transform the initial current (usually the electrical mains 110 V) to 6V 
(for the lamps) and 24V (in 

the machines of Williams, 

Gottlieb and Chicago Coin) 

220V or 50V (in Bally machines) 


_6V 
for the mechanism. Older 
-ov _ European pinball machines 
140V (from before 1965) or 
American pinball ‘machines 
have a transformer set up 
for an initial current of 
ov 60V 


110V. Later European 
pinball machines use 220V. 
Diagram symbol When the voltage of the 
electrical mains is 220V, 
and you want to connect a 
pinball machine that has a transformer that cannot be connected to 220V, it is necessary to 
build in a second transformer, that turns the 220V mains current into 110V, which in its 
turn feeds the original transformer. This is called an "auto transformer". In fig. 3 you see a 
transformer, and the symbol by which it is represented on the diagrams of the American 
pinball machines. The diagram symbol clearly shows the connections, on the left the 
inputs, on the right the outputs. 
To the inputs the neutral and one of the possible initial currents are connected. When 
220V is connected, the 110V input will have a current of 110V. This is used in some 
pinball machines. | 
At the outputs a current of 6 Volts will be generated between OV and 6V, and between 0V 
and 5OV a current of 50 Volts. On the output side the different output currents have their 
neutral in common. Gottlieb pinball machines have transformers that do not share the 
neutral lines of the output currents, but have two separate ones instead. 


Fig. 3 Transformer 


4-B Lamps 


The most widely know components of the pinball machine. All brands use the same lamp: 
6 Volts, 1.8 Watts, with bayonet fitting. In Fig. 4, you can see the diagram symbol, 
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together with the miniature lamp in its different manifestations. Many pinball machines 
hold a special kind of lamp: the 
flash bulb. Inside, this lamp 
contains a small thermal switch. 


FL AMP 
When a certain temperature is 
reached, this switch interrupts the 
supply to the filament. A burning ; | 
lamp gives off heat, this turns on 
the thermal switch, which in its 


turn turns off the lamp. As a result | 

of this, the lamp cools off again, . Diagram symbol 
the thermal switch closes and the Fig 4. Lamp 

lamp is activated again. This process keeps repeating itself, making the lamp flash. 


4-C Coils and solenoids 


Coils are used extensively in pinball machines. Actually, a coil is no more than a length of 
thin (insulated) copper wire, wound to a spool containing a metal core. When we connect 
both ends to an electric current, the metal core of the spool will-become magnetic. 

We call this phenomenon "electromagnetism". When the current disappears, so will the 
magnetism. The lower the resistance of the spool, the stronger the magnetism, but, 
unfortunately, also the more heat. Very strong coils can develop so much heat, that they 
burn themselves out. I will discuss this later on. 


Fig 5. Coil and solenoid and matching diagram symbol 


When we wind a coil round a hollow core, a more powerful coil is created. An iron pin 
will be pulled into the core of the coil with significant force, whenever the electricity is 
turned on. A coil like that we call a solenoid. In general, all types of coils are referred to as 
"coil". Fig. 5 shows a coil as well as a solenoid, and the diagram symbol that represents 
them both. 

The generated magnetism of a coil or solenoid is used to activate small mechanical 
devices. The flippers form a good example, but the bumpers, the bells and the counters are 
also activated by coils. 
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4-D Switches 


To understand the way switches work, we have to return to fig 2.: the lamp, directly 
connected to the source of electricity. When we cut through one of the wires leading to 
the lamp, the lamp, of course, 1s turned off. The circuit has been broken. 

A switch consists of two blades (usually made out of copper) onto which a silver point is 
mounted. When we connect both ends of the wire we cut through, each to one of the 
switch blades, and we press the silver points together, the circuit is closed again and the 
lamp will be turned on. This is shown in fig. 6. 


BATTERY 


Fig 6. Turning a lamp on and off by means of a switch 


The best known example of such a push button is the doorbell: When nobody is ringing 
the bell, the circuit to the bell is broken; when the bell is rung the breaker points are 
pressed together and the circuit is closed. A switch that breaks a circuit when in rest, we 
call a normally open (NO) switch. See fig 7. for an example and the diagram symbol. 
When a switch works the other way around, i.e. when the breaker points are always 
pressed together, until someone operates the switch, we say it is a normally closed (NC) 
switch. See fig 7. for an example and the diagram symbol. 

A construction of two of these switches is called a "single pole double throw (SPDT)”: 
When operated, one side is broken and the other side makes contact with the middle blade. 
I will discuss the way switches can be operated in further detail later on. Switches in 
pinball machines are all constructed out of segments, which makes the changing of a 
contact blade very simple. This, too, I will discuss later on. 
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Fig. 7. NO switch, NC switch and SPDT switch and their diagram symbols 


4-E Wipers 


Another type of switch is the 
wiper. On a plate of synthetic 
material many copper. contact 
points are grouped in the form of 
(usually) a circle. One or more 
switch blades move across these 
points in such a way, that there is 
always a connection with one of 
these fixed contact points. A 
moving switch blade is usually 
driven by a ratchet that is moved 


Fig. 8 Wiper 


electromagnetically (the so-called "stepper", which I will discuss in further detail later on). 
There are also wipers driven by motors. Between breaker point and switch blade there is 
actually a perpetual NO contact, between the wiper and the ever changing outputs of the 
switch blade. Fig 8 shows the principle and the diagram symbol. 
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4-F Motors 


There is not much to tell about electric motors in 
pinball machines; most pinball machines only have 
one, the so-called "score motor", driving the 
switch wheels. Fig 9. shows the diagram symbol. 
The switch wheels, driven by the motor, are a 
very complicated part of the pinball machine, and 
we will encounter them frequently in the rest of 


this book. 


4-G Fuses 


Fig. 9 Diagram symbol of a motor 


A fuse, or safety fuse, is (as you can infer from the name) a safety device. It consists of a 
glass tube with metal ends, in which a metal wire is mounted. The wire will fuse when the 
current intensity gets past a certain value. The amount of 
, Amperes a fuse can take is always written on the outside of 
\ p— the fuse. When, for whatever reason, neutral and the live 
line touch one another (which means that there 1s hardly 
% any resistance between the two lines) the amount of 
eee Amperes will increase enormously (Ohms law, chapter 2). 
‘2 The fuse is then the weakest point in the circuit, and will 
burn out first of all, which breaks the circuit. See fig. 10 for 
Fig. 10 Fuse a drawing and the diagram symbol. From the previous we 


can gather that replacing a burned-out fuse is usually not 
enough; first, we must take away the cause of the burn-out. 


4-H Resistors 


Although we rarely come across them 
in pinball machines, I will discuss the 
resistor briefly. A resistor is an 
electrical component that, as is 
described in chapter 2, hinders the 


passage of electric currents and turns 


electrical energy into heat. It is used to 
decrease the current sent to another 


Oe 


Fig 11. Resistors 


component (lamp, coil), or to control the current intensity. Fig. 11 shows examples of 
resistors, and the (American) diagram symbol. 
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4-| Plugs 


The main components of a pinball machine 
(playfield, back box, bottom panel) are 
connected to each other by means of plug 
connections. This makes it possible to take a 
main component from the machine in its 
entirety. Every pin of the plug forms, together 
with the matching hole in the socket, a 
throughput that is separate from all others. That 
is why the color of the plug's wire continues 
from the matching hole in the socket. A plug 
Fig. 12. Plug with one pin is used to make one choice, as for 
instance the number of plays for one dollar, or 
the number of balls per game. The adjustment is made by utilizing one of the holes in the 
matching socket. A plug/socket connection is not indicated in the electrical diagram, and 
so has no diagram symbol. Bally does supply a "map" of plugs on its diagrams, so it is easy 
to see where a certain wire goes through a plug. This makes troubleshooting easier. 


5. Switch units 


The components described in the previous chapters are in almost every case combined into 
complete units. The construction of the units can differ in detail from brand to brand, but 
the basic principle is always the same. In the following chapters I will describe the 
construction and operation of the most important switch units. 


5-A The relay 


The principle of the relay we find in fig. 13. We see a mounted coil (A) with above it an 
iron plate (C), hinging around point (B). The plate is supported by a spring (D). Plate (C) 
thus acts as a lever. Connected to this plate is a mounting bracket (E), made out of 
synthetic material, in which the movable contact blades engage. When a current is 
connected to coil (A), the coil will become magnetic and pull plate (C) towards it. This 
lowers plate (E) and changes the contact positions. In this case the NO contact (F/G) is 
closed and the NC contact (H/J) is opened. The number and nature of the contacts is, of 
course, depending on the purpose of the relay. The number can range from one up to 
eight. When the current on the relay coil is broken, the magnetism of coil (A) will 
disappear. Spring (D) will make the relay return to its resting position. We can summarize 
by saying a relay can close or open various other circuits (working completely independent 
from it), by closing the circuit to its coil. 
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NORMAL 


Fig. 13 basic principle of the relay 


5-B The stepper 


One of the most complicated parts of a pinball machine is the stepper. We have already 
briefly discussed how wipers operate, in chapter 4-E. Now I will show how that comes 
about. Fig. 14 shows clearly the basic principle of the stepper: when solenoid (A) is 
connected to the current, it becomes magnetic and pulls in pin (B) with force. Through 
lever (C) catch (D) is moved downwards, 
till it reaches under the next cog of ratchet 
(E). When the circuit to the solenoid is 
broken again, the spring (H) will move 
catch and lever back to their original 
positions. In this backward stroke the 
ratchet (E) is moved one cog. Wiper (F), 
connected to the same axle as ratchet (E), 
will be moved to the next contact point (G). 
In practice, however, several wipers will be 

Fig. 14 basic principle of the stepper moved simultaneously. This kind of stepper 
we call a continuous stepper, since the ratchet moves cog by cog, and revolution by 
revolution. This stepper (for example) is used frequently for the match unit. In Fig. 15 you 
can see a (Bally) stepper on the mechanism side. There are other types of steppers besides 
the continuous stepper. In these cases the number of steps the stepper performs is always 
limited, and never more than one full revolution of the ratchet. Around the ratchet a so- 
called torsion spring is mounted, which is wound tighter when the ratchet (and thus the 
wipers) are reaching higher positions. A second solenoid on these steppers (smaller than 
the others) is called the reset solenoid. Depending on the construction of the stepper, this 
solenoid can create two situations: it makes the ratchet recoil to the beginning (lets call 
this the zero position), or, it can reset the ratchet one step. In the first case we speak of a 
full reset stepper, in the latter case we call this a single step reset stepper. Fig. 16 shows a 
full reset stepper (Bally) on the mechanism side. 
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Fig. 16 Full-reset stepper (Bally) 12 
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A particular type of stepper is the free game register. Instead of wipers a large tin wheel, 
with numbers painted on it, is mounted. Behind a small window only one number is visible 
at a time. This is, of course, a single step reset stepper, because free games are added or 
substracted one at a time. By connecting one or two little pins to the ratchet of a stepper, 
the stepper can control contacts in its resting position, or in its maximum position (see fig. 
16). 

The stepper in fig. 15 also contains a contact that is controlled by the stepper lever, which 
means that this contact is used as soon as the stroke of the step up lever is complete. A 
contact like this we call an end-of-stroke contact. Later on we will encounter this contact 
many times. 


5-C The score motor 


The score motor is the 'main signal supplier' in the pinball machine. That is why every 
pinball machine has one. We can discern two different types: In the pinball machines of 
Bally (until 1965) and the machines of Williams (until 1963), as well as in all Gottlieb and 
Chicago Coin machines, we find horizontal rotation disks that control the horizontal 
contacts. We call this a carrousel motor (fig. 17). In the later Bally and Williams machines 
switch wheels are applied: many plates next to each other, having notches in different 
positions, operate the vertically placed contacts. This we call a vertical score motor (fig: 
17). | 

How does this all work? A carrousel motor has three resting positions: at 0°, 120° and 
240°. When the motor is in one of these resting positions, a number of contacts will fall 
into a notch in the (upper) disk (fig. 18). 


Fig. 17 Carrousel motor and vertical motor 


When the motor is started the disk starts to rotate. The contacts are lifted from their 
notches. One of the NO contacts, then closing, keeps on supplying the motor with current, 
making it rotate until the next notch opens the contact in the resting position again. This 
means that the motor will always rotate towards its resting position. When we carefully 
move the disk in the direction of the rotation, we will see that the motor will rotate it, until 
the next resting position is reached. Never try to move it against the rotation direction. 
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During the cycle (one thirds of a revolution, 120°), each one of the notches in the disk 
passes several contacts in turn and operates them: NO contacts close, and NC open for a 
short while. On another - 
usually lower- disk, five 
cogs are mounted every 


— 120° that switch contacts 
ae rapidly. This rapid 
switching we call "giving 

—— = gees impulses". By using the 


score motor, we are able to 

perform various actions in 

Fig. 18 Motor contacts a certain order. For 

_ instance, adding the points, 

setting the bonus stepper higher and, lastly, ejecting a ball from a hole. A vertical motor is 
founded on the same principle, but it turns 180° in each cycle (% revolution). They are, 
however, much easier to overhaul, because of their vertical position. This makes it also 
possible to mount many more switch blades after each other, greatly enlarging the number 
of switch moments and pulse moments inside one cycle. A principle applied in many places 
inside a pinball machine, but best visible in the score motor, is the simultaneous switching 
of more than one contact. Every (long) switch blade has a small nylon pin attached to it, 
resting on the underlying contact. A pin like 
that is called an actuator. When the bottom 
contact moves, all other contacts are lifted 
in concert. The undisturbed operation of the 


o& 
score motor is highly important to the id 
overall operation of the pinball machine. mx 

< 


The score motor must never be allowed to 
rotate for a lengthy period of time, since the 
motor might burn out. Fig. 19 Contact group 

When the score motor has a defect or is burnt out, this is the correct procedure for 
replacing it (for all carrousel motors - Bally machines until 1966, Williams until 1964 and 
all Gottlieb and Chicago Coin machines). Remove the locking springs or screws from the 
supports. Two supports are placed parallel with each other. These two supports supply the 
basis over which the entire score motor can be turned over. Carefully turn the contact 
disks in the rotation direction, until the small screw with which these are connected to the 
axle become visible. 

Loosen this screw (or these screws) a few strokes. Carefully lift the contact disks from the 
axle. Make sure that no actuators are bent and pull them aside, if necessary. When the disk 
assembly is removed, the screws with which the motor is mounted under the frame 
become visible. Remove these screws. Solder the wires loose from the motor. Reverse this 
procedure when placing a new motor. The procedure for Bally vertical motors is much 
more simple: the motor is mounted with screws to the side of the gear box. Solder the 
wires loose from the motor and remove the two screws that attach the motor to the gear 
box. Lift the motor sideways. Note: the rotor is loose and should not be allowed to drop 
out. Reverse this procedure when placing a new motor. A tip to make the motor more 
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accessible: next to the motor on the bottom frame, there is a large, flat, screw head. By 
rotating this a quarter of a stroke, the frame is loosened, and the entire score motor can be 
turned upwards. 

In Williams pinball machines, the motor forms one unit, together with the (open) gear box. 
The axle of the gear box protrudes into the (hollow) switch wheel axle and pulls this along 
by means of a pin. Turn the motor cam in the rotation direction, until the pin is exactly 
vertical. Solder the wires loose from the motor. Remove the screws with which the gear 
box and the motor are mounted to the frame. The motor can now be lifted away to the 
side. The pin on the axle falls into this position by going exactly through a notch in the 
frame. Reverse this procedure when placing a new motor. 

Lastly: contacts, placed on the score motor, are always circled on the diagrams of Bally, 
Williams and Chicago Coin. Gottlieb has them drawn in as ordinary NO or NC contacts. 
Appendix I shows the switching time diagrams of the normal score motors of the three 
major brands of pinball machines. 


5-D Relay banks, interlock relays 


In pinball machines, it frequently happens that certain relays must remain powered for a 
long time, for instance until the ball leaves the playfield, or sometimes even until the end of 
the game. It would be a terrific strain on the transformer to keep. supplying these - 
sometimes numerous- relays with current. The solution is to supply all these relays with a 
construction as the one in fig. 20. 
In this way a “mechanical 
memory" is created. When the 
coil is powered, however briefly, 
it attracts the iron plate (A), 
which makes plate (B) tumble 
down and so_ switches the 
contacts resting on it. When the 
circuit to the coil is broken, the 
plate (B) remains switched on 
with its contacts. This is called 
the trip position, as opposed to Fig 20 Principle of bank relay 

latch position, which indicates the 

resting position. How does the relay regain its resting position? All relays that must switch 
back simultaneously are mounted together on a relay bank. Under all relay plates, a long 
rod is running: (C) in fig. 20. This switch rod is connected to a mechanism containing a 
strong solenoid. When this solenoid is powered, the rod will be moved upwards and, 
doing so, will lift all relay plates (B) upwards as well. This will make plate (A) come back 
to its place under the locking cam (E), with the help of spring (D), and keep the relay in its 
resting position, until the time the coil is powered again. The coil is usually called trip coil, 
the reset solenoid is usually called bank setup solenoid. In the Bally machines from 1968 
on (since the Rockmakers model) there are relay banks that are latched by a motor driven 
camshaft: the cams on a long shaft lift the relay plates up, one by one. A second advantage 
of these trip relays is their ability to remain in their last position, even when the pinball 
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machine is switched off. Sometimes this is necessary for a single relay. For this purpose a 
similar principle is used: a relay with two coils, a trip coil and a latch coil. A relay like that 


is called an interlock relay. See fig. 21. 


This concludes our discussion of all switching elements, that together form the "brain" of 
the pinball machine. I will discuss specific parts such as counters and playfield objects later 


on. 


Fig. 21 Interlock relay (Bally) 


6. Switching with contacts. diagram basics 


Here's some more theory about switches: switching with contacts, and drawing and/or 


L 


oO 


Fig. 22 Lamp and contact 


LAMP 


— 


NORMALLY OPEN COMTACT 


reading the diagram that corresponds to it. In 
chapter 4D the operation of a lamp by means 
of a single NO contact was described and 
shown in fig. 6. In fig. 22 we see the same, 
only in the shape of a diagram. When the NO 
contact is closed, the light will go on. We see 
two horizontal lines on the diagram. These 
represent the supply of current, in this case 6 
Volts. | 

The two supply lines can come from either a 
battery or a transformer, but it's not necessary 


to display them every time in "partial diagrams" like this. The NO contact in the diagram 
could be a push button or a relay contact, but also any other NO contact in the machine. 
On extensive diagrams there is, next to the contact, always an indication where the contact 
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is located inside the machine, for instance, "right flipper button". Coils and lamps have 
their own indication in the diagram as well. | 

We can look at a switch circuit as a sequence of conditions for the closing of the circuit, 
for instance, in fig. 22, WHEN the contact is closed, THEN the lamp will go on. It gets 
more complicated in fig. 23A. The lamp will only burn when contact X AND contact Y 
are closed. Try to follow the circuit from 0 Volts, through the contacts, through the lamp 
to the 6 Volts. In the case of fig. 23B the lamp will light up when contact X OR contact Y 
is closed. Try to figure out why. 

The next two examples work the other way around: in fig. 23C the lamp will burn when 
the contact (an NC contact) is NOT operated. In fig. 23 D both NC contacts overlap, so 
that -when one of the contacts is operated (is opened)- the lamp will continue to burn 
because the other contact keeps the circuit closed. The lamp will only be extinguished 
when BOTH contacts are operated. 


6V 


Fig. 23 Simple examples of switches 
In the last example, fig 23E, the lamp will go out, when contact X OR contact Y 1S 
opened. When more than one kind of contact (NO, NC or both) is connected after one 
another, as in fig 23A and 23E, we say they are connected in series. When contacts 
overlap, as in fig. 23 
B and fig 23D, we 


say they are 

- connected in 
1 s parallel. Fig. 24 and 
w fig. 25 show this 

~ even more clearly. It 

gets more 


complicated when 
we start to use the 
aforementioned 
single pole - double 
throw contacts: a 
Fig. 24 Series combination of NO Fig. 25 Parallel 
and NC in one single contact. Fig. 26 shows the simplest 
circuit with a SPDT contact. When the contact is at rest, lamp A burns, and lamp B is off. 
When the contact is operated, lamp A is extinguished, while lamp B lights up. In this 
circuit both lamps will never burn simultaneously, or -for that matter- will never be 


PARALLEL 
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extinguished simultaneously. Now that we gained 
some more insight in these circuits, we can 
understand more complicated contact situations. Fig. 

27 shows three examples. 
The best way to reason out circuits like these, 1s to 
follow the route the electric current takes. In example 
A, the lamp will burn as long as NC contact Z is not 
A B. operated. When this does happen, the lamp will only 
| burn when contact X AND contact Y are closed. 
Example B is the same circuit as is used for lighting 
staircases: when both SPDT contacts (switches) are 
Fig. 26 Single pole - double throw —_—in the same position, the lamp burns. When both are 
at rest, the current runs through both NC contacts; when both are switched on, the current 
runs through the (closed) 
NO contacts. When one 
contact is operated, and the 
other one isn't there is no 
possibility for the current to 
reach the lamp. Lastly, 
example C: the lamp burns, 
unless contact W OR 
contact X are operated. 
When, however, contacts Y 
AND Z are closed, the lamp 
will burn, regardless of the 


Fig. 27 Switching examples 


condition of contacts W and X. 


6-A Wiring in the diagram 


The lines on the diagram signify the electric connecting wires. A diagram is a complicated 
pattern of lines, so it does happen that these lines cross one another. To show the 
distinction between electric circuits and lines that just cross another by accident the 
drafting style of fig. 28 is used. Note the small variation in the Gottlieb diagrams. 


6-B Wire colors 


To be able to follow and recognize the enormous amount of wires in a pinball machine, a 
huge range of colors is used. We distinguish single colored wires and traced wires 
(Gottlieb also adds double traced wires). A traced wire we indicate by mentioning the 
basic color first, and the trace color second. This means that there actually is a difference 
between red/black wires and black/red wires. On the diagrams we find the colors 
indicated, by their abbreviations (Williams, Gottlieb, Chicago Coin) or by a number code 
(Bally). Bally's number code goes like this: the first number signifies the basic color, the 
second number the trace color, and sometimes a third number is used to indicate (it is 
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separated from the rest by a hyphen) whether the same color is used before. The color 
code 1s as follows: 


1 = red 6 = brown 
2 = blue 7 = orange 
3 = yellow 8 = black 

4 = green 9 = grey 

5 = white O = no trace 


So, code 36 signifies a yellow wire with a brown trace, code 70 signifies a single color 
orange wire (orange and no trace). Code 18 - 2 signifies a red/black wire, used for the 


third (!) time in this machine. 
Williams and Gottlieb use abbreviations: 

K A 
R=red BR = brown Gottlieb 


BL or BLU = blue O or OR = orange Connected wires 
Y or YEL = yellow B or BLK = black 


G or GR = green W or WH = white 
Gottlieb uses three extra colors: | 
PUR = purple 


Non-connected wires 
MAR maroon 
SL =. slate 


| 


Fig. 28 Wire connections in diagrams 


Gottlieb also works with double trace wires: blue/red/black is a blue wire with alternating 
red and black traces. Often the wires are white plastic, with the latter three colors for 
traces. These are typically used in the 110 Volts area. 

Almost every brand has wires that are indicated in the diagram without color, but only the 
letter J. This signifies "jumper", a- short connecting wire between two neighbouring parts. 
A wire like this does not form part of the loom. 


7. Relay circuits 


The circuits we have discussed in the previous chapter, that can either turn on or turn off a 
lamp, are of course also applicable to switching with relays: the relay coil will become 
magnetic (the relay will be activated) when the circuits to neutral and live are closed. 
Because relays, when operated, can operate contacts themselves, they offer even more 
possibilities. | 
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7-A Relay circuits with “hold switch” 


The principle of the hold switch can often be found 


in relay circuits. Have a look at the switch circuit in O 
fig. 29 and think what would happen when the push 3 | > | 
button 1s operated momentarily (impulse). When the s ru 

¥ 


push button is operated for a very short period of 
time, the relay (in this case called "demo relay") is 
activated immediately: the circuit to the coil is 
closed. Because of the relay being activated, the NO 
contact mounted on that relay is also closed (this is 
why its called demo relay). When we release the 
push button, the relay will remain activated, because SOV 
the circuit remains closed from the zero line through Fig. 29 Hold switch 
the (closed) NO contact of the demo relay, through the coil to the 50 Volts line. The relay 
will only release when the circuit is broken, or when the current is switched off. The 
usefulness of holding a relay for a short or longer time is shown in fig. 30, our first real 
part of a pinball machine diagram. No need to be alarmed, it is not as complicated as it 
looks. To the left of the diagram we see nearly the same thing as in fig. 29, but instead of a 
push button we here see a target on the playfield of the pinball machine. When this target 
is hit, it activates a “hit relay", which will remain activated. This is done by its own hold 
switch and the (closed) NC contact 


DEMO RELAY 


. B . a . & on 160° of the motor (the NC contact 
¥ © < tp oF fon opens momentarily when the score 
< +e es =. z¥ ene z motor has performed 160° of its 
. ie a revolution). 

© ~ 
> 3 Note that the motor contacts are 
bi = circled. A separate NO contact of the 
hit relay closes the circuit to the 

* motor: the motor 0 contact which is 
3 & a switched in parallel with it is opened 
naa & w2 when the motor is in its resting 
= = . position. The revolving motor cam 
v = closes the contact to the right of the 


Fig. 30 Relay circuit diagram momentarily at 90°. Because 

the hit relay is still activated (and 

therefore the NO contact, which is switched in series with the 90° motor contact, is open), 
the circuit to the bell solenoid is closed, and a gong stroke sounds. Right after the 90° 
position, the motor contact opens again, the solenoid is again without current. When the 
motor revolves further and has performed 160°, the NC contact will open for a short time, 
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which releases the hit relay. The hit relay will not be activated again, until the NO contact 
of the target is closed again. | 

All NO contacts of the hit relay are now open again. Will the motor stop running? No, it 
will still be supplied with current through the (closed) 0° NC contact. The motor will keep 
on running until this contact, too, is opened: at 0°, the resting position. The entire circuit is 
now back in its original condition. A question to clarify things: Why does the hit relay 
have an NO contact before the bell solenoid? The answer is, the motor in the pinball 
machine is used for many purposes, so it will sometimes turn without the hit relay being 
activated. Without this NO contact the bell would always ring when the motor is turning. 
Now we have achieved that the bell is only rung when this circuit is activated (by hitting 
the target), and not when the motor is running for another reason. 


7-B Series circuit 


We have mentioned the series circuit before, namely in chapters 6 and 6A, were we had 
contacts switches in series (fig. 25). It is also possible to connect electrical components as 
lamps and coils in series. 
Assuming that only similar components will be 
connected in series (the same lamps, the same 
coils), we can state the following: In a series O 
connection like this, every element in that | 
circuit will get a supply of current that is equal 
to the total amount of current on that series, 
divided by the number of elements in that 
series. Let us illustrate this: when three lamps 
are connected in series on a current of 6 > 
Volts, every lamp will be supplied with 6/3 = = 
2 Volts (fig. 31). The current intensity, which 6V 
means the amount of Amperes, is equal to that Fig. 31 Series circuit 
of every element in that series separately, so, 
three lamps of 2 Volts 0.5 Amperes, connected in series on 6 Volts, will allow a total 
current of 0.5 Amperes. The elements in a series connection do not have to be equal, but 
when this is not the case, calculating the 
O SrLEILEL:.L current will become more complicated. 
. 0 Sw Coils, too, can be connected in series, 
. SS which, in pinball machines, one sees 
more often than lamps connected in 
aT a series. 
= In fig. 32, we see a series connection 
that is often used. A series of (in this 
case four) targets activates the 
corresponding relay bank coils (trip 
coils, see chapter 5-D). No matter which 
50V. bank coil will be powered, it will be 
connected in series with the coil of the 
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Fig 32. Coils in series 
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series relay, a normal relay, not on the trip bank. By means of an NO contact of this relay 
the counters can be activated. This could save considerably on contacts, which would 
otherwise have to be connected to every bank relay separately. 


7-C Shorting out a coil 


The most widely used form of two coils connected in series is the construction used to 
activate the flipper. We already mentioned that strong coils have a nasty side-effect: they 
can be overheated. A flipper coil must be very powerful, the flipper must have enough 
energy to shoot the heavy steel ball as far as the upper end of the playfield. Doing this, the 
coil generates a lot of heat. So much, even, that it would burn out, if there hadn't been the 
clever circuit shown in fig 33. 

The flipper coil (actually a solenoid) consists of two 

coils, connected in series. The flipper arm has an NC O 


contact mounted on it, which opens when the flipper arm st 

has been completely attracted by the coil (the stroke is é 

complete). So the flipper arm is up, and we hold the Q ¥ 

button down. As long as the flipper arm is at rest, or still 3 & 

busy completing its stroke, the contact is closed and s e 

spans half of the coil. The circuit is then as follows: from 2 
ty 


neutral, through the (closed) flipper button, through the 50V 

first half (strong!) of the flipper coil, through the arm 

contact, to the 50 Volts line. The second part of the coil 

does nothing: it is bidged. | Fig. 33 Shorted out serial coif 
When the stroke of the arm is completed, the contact 

will open. This is why it is called an end of stroke contact. Because the bridging of the 
second half of the coil is now gone, the two coils will be connected in series. The current, 
and with it also the power, of the first coil, is diminished considerably, and with it the 
generation of heat. 

The flipper arm is now considerably less 


° oT al. 

powerful, but it doesn't need that power now. 33 ‘ S$ 

Now it's easy to see why one should always pay eG 1 Sy 

attention to the correct operation of the end of ae e 
stroke contacts. If they do not operate correctly € ¢ 2 
(they remain closed), only half of the (strong) EA | 

coil will work, and it will surely burn out. When = 

the end of stroke contact opens too soon (or & R 

when it remains open), the flipper arm will not 9 3 

have enough power to perform. .y 3 


Another practical example of shorting out a coil 50V 
is the tilt system of the Bally pinball machines 
from the period 1966-1970 (see the diagram in 
fiz. 34). As long as the hold relay is activated, 
the pinball machine will play as usual. When the relay is not powered, the machine is 
"tilted". When the tilt contact is closed (by pushing against the machine), it will bridge the 


Fig. 34 Tilt by short-circuiting a coil 
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relay coil, causing the relay to drop out. This is because the potential difference between 
the two coil connections is cancelled by the bridging. Because the (closed) hold switch of 
the hold relay connects the coil immediately to neutral, a closed tilt contact would make a 
direct connection between 0 and 50 Volts. In other words: it would short out completely 
the supply line that would blow out the fuse. That is why a resistor of 15 Ohms is added to 
the circuit. It functions as "dead weight" and limits the current intensity. 


8. Standard circuits 


Every manufacturer of pinball machines uses, sometimes over many years, standard 
circuits for functions that are present in every pinball machine, as for instance resetting the 
counters to zero, selecting the player (which player, how many players), etcetera. In 
chapter 10 and onwards I will discuss the operation of these circuits, brand by brand, and 
the defects that can occur in them. For easy troubleshooting, it is important to read 
chapter 9 carefully first, since most defects come about by badly adjusted, dirty or broken 
contacts. Those who have had no previous experience with repairs are advised to read 
chapters 45 up to and including 45C first. 


9. Adjusting and cleaning contacts, replacing 
contact blades 


In the previous chapters we have discussed the operation of NO and NC contacts 
extensively. Many defects are caused by bad contact between the silver points, which 
means that there is no electrical connection between the two blades. 

How do we check the operation of a contact blade? 

The NO contact: At rest the distance between the silver points should be at least 1/16 
inch. When the contact is operated, the short blade should bend at least 1/32 inch along 
with the long blade. 


ACTIVATED 


Fig. 35 Adjusting NO and NC contacts 
The NC contact: This, too, is shown by fig. 35. In this case, the rule of the thumb is that 
the long contact blade, when at rest, should let the short blade bend along for at least 1/32 
inch. When it's operated the opening between the silver points should be at least 1/16 inch. 
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A single pole - double throw contact, finally, is a combination of an NO contact and an 
NC contact, so we can use the information above to adjust it. | 

How do we go about adjusting contacts? This is done by bending the short contact blade, 
in such a way that the distance between the contact points is as described. The special tool 
we use for this is called a contact bender, a small key, ending in a hook, into which a slot 
has been made. The contact blade will fit precisely into the slot. Place the key over the 
contact blade to be adjusted, as close to the mounting screws as you can. When you do 
not have such a key at your disposal, you can do the adjusting with a small pair of 
pincers. Those of us who are skilled can do it with a screwdriver too: press against the 
contact blade, close to the mounting screws. 

Be careful not to fold the contact blades, since a 
sharp fold is usually the beginning of a crack. 
Another well-known problem with contacts is 
dirt. The sparks that are caused by switching, 
make the contact points burn in, which causes an 
(oxide) residue on the points. Moisture, too, can 
produce a similar residue. Cleaning the contact 
points can be done with a contact file. A small 
layer of the silver point should be filed off, like 
this: Switch off the current, and stick the contact 
file between the two contact blades, at the level 
of the silver points. Press one finger against the 
back of the contact blade, and move the file, Fig. 36. Cleaning with contact file 
while still pressing lightly, up and down a few 

times. Then hold the other blade steady against the back side and repeat the filing. Now 
both points are clean again. See also fig. 36. After this treatment the blade should be 
adjusted once more. It is also possible to clean contacts chemically. For this purpose we 
use contact spray. Spray a little on the silver points, wait about one minute, and move a 
piece of paper between the two points, as we did with the file. In this case too, we have to 
re-adjust the contact. 

It may happen that contacts will not allow easy adjustment. After adjusting, they work 
without problems for a while, but soon the contact 
needs re-adjusting again. The most probable cause 

is that the contact blade is torn, usually at the = 

mounting blocks. It is also possible that the silver SPACER . 
contact point has broken off the blade. In both a4 O 
cases replacement of the blades is necessary. All e 

contacts in pinball machines (relay contacts, end of O 
stroke contacts, playfield contacts, etcetera) are 

constructed in the same manner: fig. 37 shows how 
this is done. We have two synthetic tubes, over 
which we slide the spacers and the contact blades, 
adding two locking plates on the bottom and the 
top, to assure that the various parts do not slide off 
the tubes. Through the tubes two screws are fed, 


LOCKING 
PLATE 


Fig. 37 Contact assembly 
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mounting the assembly to the appropriate mechanism. Loosen the two screws and remove 
them for disassembly. Note the order of the contact blades (for this, we look at the wire 
colors. Prize off the bottom or top locking plate with a small screwdriver. The spacers and 
the contact blades can now easily be slid off the tubes. Replace the contact blade and re- 
assemble in reverse order. Note that contact blades are mounted straight up: the contact 
points should always touch each other with their main bodies. Lastly, press on the locking 
plates again. Check to see if the tubes are now no longer sticking out of the spacers or 
locking plates. If that is the case, we need to add one more spacer. Screw tight the contact 
set, after you have placed the blades, where necessary, into the slots of the actuators (at 
the relay). 

When the contacts are snug in their place, they have to be re-adjusted. 

Wipers are particularly susceptible to dirt. A thorough ne of a contact plate with 
wipers goes as follows: 

If the stepper can be reset (see chapter 5B), do this by pressing inwards the plunger 
sticking out of the small coil. Mark the position of one of the wipers against the contact 
blade (this also goes for the so called "continuous stepping units"). Then release the 
wipers, by unscrewing the screw(s) or bolt in the middle, but be careful! 

Keep the cog wheel on the other side of the stepper pressed firmly against the frame. If 
you should inadvertently let go of it, and it slides to the side, all kinds of pins and springs 
will fall out, which calls for major repair work! When the mounting screw or bolt in the 
middle is loosened, the wipers can be pulled off the axle. The silver points in the wipers 
can be filed, or treated with spray. The copper points in the contact blade (this refers to 
the stationary contacts) I recommend you sand to a shine with very fine sanding paper. 
Spray them lightly with contact spray afterwards, to make them smoother. Contact blades 
with printed circuitry, having NO contact points, because the contact layer is applied to 
the basis (for instance Bally coin unit from 1966 on, player up unit from 1971 on, and 
Williams match unit, from 1971 on), should be cleaned with contact spray exclusively. 
Wipe off with a piece of lint-free cloth. When the contact is very dirty, it can be treated 
with copper polish before spraying. Replace the wipers in their correct position (don't 
forget to hold the ratchet) and lock them in position by tightening the screws. Note the 
pressure of the contacts on the plate. When the wipers are moved about a quarter inch 
further on the hub, they should touch the contact plate, and really "bounce" during 
assembly. When the wipers are not completely touching the contact points of the contact 
plate, the entire contact plate can be adjusted a little by loosening the two screws next to 
the central axle. Replace the contact plate in its correct Sa and tighten the screws 
again. 

In Gottlieb machines, assembling and disassembling wipers is much easier to do. All 
wipers are mounted to one synthetic plate. This plate can be removed from the hub by 
unscrewing three screws. Adjusting the wipers to their correct position is done with the 
same SCrews. 
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10. Bally counters in general 
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Fig. 38 Counter decade (Bally), without number wheel 

The counter decade in fig. 38 is actually a small continuous stepping unit. After each 
electrical impulse on the solenoid, the unit makes one step forwards, because the lever, 
springing back from the solenoid, moves one cog (and with that, the number wheel). 
When necessary, the counter contains a contact plate with a wiper, making the connection 
between the shared pole "F" and the exit, corresponding to the score on the counter: this 
could be called an NO contact. 

On top of the bracket holding the coil in place, are mounted another three (sometimes 
two) contacts. The top two are opened or closed when the counter is at the zero position, 
the bottom one is closed or opened when at the nr. 9 position. When there are two 
contacts, the -9- contact is missing, this always happens at the highest decade. The zero 
position contacts consist of one NO and one NC contact in pinball machines until 1966 
(up to and including "Loop the loop"), later models (from "Bazaar", 1966 on) have two 
NC contacts (fig. 39). The -9- contact is always an NO contact. Sticking vertically in the 
counter mechanism, - before the solenoid- there is another contact : the end of stroke 
contact. 

This contact is operated by the arm, attached to the plunger going into the coil. It is an NC 
contact and should only open when the plunger is pulled into the coil almost entirely. In 
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1964 Bally revised the counters completely. From "Bus stop" on the counters are smaller, 
but the basic principle remained the same. Removing a counter mechanism goes as 
follows: | 


In older models, the counters are mounted on a metal plate by means of a wing screw. 
Loosen it a few strokes and pull the counter towards you. Later models have a small lever 
at the side of the counter frame. Push this lever upwards and pull the counter towards you. 


MAKE AT-O~ | BREAK AT-O- 
com BREAK AT -O- m BREAK AT “O° 
MAKE AT -9- MAKE AT 9~ 


> 1966 1966 —> 


Fig. 39 Counter contacts (-0- and -9- position) 


_ 10-A Bally counters: adding 


The electric circuit for adding points stayed the 


same over the years (see fig. 40). A target (contact) ° ~ ‘ 

on the playfield that, in this case: adds one point; 2 ¥ PLAYER UNIT 
and activates the "1 point relay" when operated. So Ly eee 7 

This relay remains activated by its hold switch (see 4 3 Re 63 ) MLL, 
chapter 7A) and the normally closed end of stroke * rad OY a 

contacts of the "1 point decade" counters of every hae aa ‘ 
player. In this case a four-player pinball machine is & o 8 
used as an example. When there are one or two Poe ee = : 
players there are of course an equal number of 33 > s& Se = 
these contacts. This hold circuit is there for a me ray E 
reason: should the contact on the playfield be ay 

closed only for a very short time (a fast "hit"), the Fig. 40 Adding circuit 


period of time the relay is powered would be to short to activate the (relatively slow) 
counter. In this case the relay must remain activated until the counter mechanism is 
completely powered. An NO contact of the "1 point relay" feeds a wiper contact of the 
"player up unit" (only in 2-player and 4-player machines), which then decides whose turn it 
is. In the single player machines we have no player unit. 

Older models (up to and including "Loop the loop", 1966) and all 2-player machines, have 
no player unit. These circuits are used in the ball count unit (which is often called player 
unit, in these cases). The principle for adding 10 and 100 points is the same, only the 
highest decade is operated in a different way. 
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10-B Bally counters: carrying over to the next decade 


When a counter passes the -9- position, it is, of 
course, necessary that a carry over takes place 
to the next decade. The standard circuit for 
this has always remained the same. Fig. 41 
shows how this operates. The player unit 


selects, by means of a wiper, the -9- position — 


NO contact on the 0-9 counter of the current 
player. To put it briefly, this players -9- 
position contact is connected to the neutral 
Volts line on the 0-9 counter. When that 
contact is closed (and the counter is then at 9), 
an NO contact of the 1 point relay will close 


Oo 


50° 
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Fig. 41 Carrying over a decade 
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Fig. 42 Highest decade 


the circuit to the 10 points relay. How the 
activated 10 points relay powers the 10-90 
counter is described in chapter 10A. 1- 
player machines do not have a player unit, 
and 2-player machines have, of course, only 
two -9- position contacts, selected by a 
SPDT in the "player up relay". When 
carrying over to the highest decade, there is 
one difference: this decade has no operating 
relay. Fig. 42 shows how this works. In this 
example we assume that the thousands form 
the highest decade. The counter coils are 
controlled directly. Because these counters 


have no relay, they also have no end of stroke contact. 

As these counter coils are operated by an NO contact in the 100 points relay, which is 
slowed down in its turn by the end of stroke contacts of the 100-900 counters, we can 
assume that the switch impulse to the 1000-9000 counter will be of sufficient length to 


assure the proper carry over. 
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10-C Bally counters: resetting to zero 


Resetting the counters to zero is a system that has been undergone a number of changes 
through the years. I will discuss the diagrams in chronological order. Note that this is only 
about the way counters return to zero; starting a game is a very complicated process, and 
will be discussed further on. 
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Fig. 43 Bally reset circuit counters (up to and including 1966) 

In fig. 43 we see the reset circuit as was used till 1966 (Loop-the-loop). Resetting here 
takes place in three stages (in 4-player machines). In machines that have less counters 
(single- and 2-players, machines with three digit counters), this takes place in two stages. 
The reset relays actually work the other way around, they are trip bank relays. When the 
game is started, the bank is reset and the reset relays are "latched". Motor contact 1A is a 
pulse contact; through the closed contacts of nr. 1 reset AND the -0- position NC contact 
the counters are pulsed through. When the -0- position NC contact opens, the counters 
stop. When all counters of the nr. 1 reset relay have arrived at zero, and the score motor 
passes the resting position (motor contact 1C closes), the nr. 1 reset relay will be tripped. 
This connects pulse contact 1A with the counters connected to the nr. 2 reset relay: these 
pulse towards their zero position in the same way as the counters, now connected to the 
nr. 1 reset relay, did in the previous stage. When all counters have reached zero, the nr. 2 
reset relay trips over motor contact 1C. An NO contact in the nr. 2 reset relay now allows 
the pulses of the motor contact 1A to go to the counters connected to the nr. 3 reset relay. 
The procedure is the same: after all these counters have reached zero, the nr. 3 reset relay 
will trip. Now all counters are reset, and the game can begin. | 

In 1966, the reset system was changed. We find this in machines starting with Bazaar and 
Capersville, up to and including Vampire, in 1971. It operates as shown in fig. 44. At the 
start of a game, the number 1, 2 and 3 reset relays (connected in parallel) are powered. 
They remain connected to the hold switch, mounted on the nr. 3 reset relay, and the "open 
at 0 position" NC contacts on all counters (16 in a 4-player), as well as motor contact 1B. 
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Fig. 44 Reset circuit Bally '66/71 


ready for the game. 


- Motor contacts 2A and 


11B are 
pulse contacts, that have a reverse 
Operation compared to each other: 


they pulse in turns. Through the 


(closed) NO contacts of the three 
reset relays, and the "open at 0 
position" contacts of the counters, 
these pulses are fed to the counter 
solenoids. These will continue 
stepping until they have reached 
their zero position. When all the 


Le) 
counters are at zero, and thus all NC 


contacts that feed the hold switch of 
the reset relay are opened, the reset 
relays will come loose, when motor 
contact 1B opens. The reset cycle is 
then completed and the machine is 


From 1971 (starting with "Firecracker") the following, more. simple, reset system was 
used. At the beginning of the game, the reset relay is activated over the closed NO 


contacts of the coin and game over 
relays. This relay will remain activated 
over its hold switch, and is only 
deactivated when all zero position NC 
contacts (16 in a 4-player) of the 
counters are opened AND motor cam 
1D opens (which makes a total of 17 
NC contacts in parallel in a 4-player 
machine). When the reset relay is 
activated, motor contacts 2A and 11C 
pulse the nr. 1 and the nr. 2 score reset 
relays respectively. 

Motor contacts 2 and 11 are impulse 
contacts that have (compared to each 
other) a reverse operation, they pulse 
in turns. 

Every counter has its own NO contact 
on one of the score reset relays. 
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Fig. 45 Reset circuit Bally '71 


Through the NO contact and the NC contact, opened when the counter reaches the zero 
position, the counter solenoid is powered. This happens until it reaches the zero position. 
When the zero position NC contacts, over which the reset relay remains activated, of all 
counters are open, the reset relay will drop out, as soon as the motor reaches its resting 
position (motor contact 1D opens). After the dropping out of the reset relay the machine 


is ready to play. 
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This circuit is much more limited in 1-player or 2-player machines, there is only one score 
reset relay present. Testing this circuit is easy: Just depress one of the score reset relays 
(press the iron plate down on the coil), and all counters connected to it (and which are not 
at zero) should be powered. 


10-D Bally counters: counter and reset circuit defects 


a. Counters get 
stuck between 
two digits 


b. 1, 10, 100 or 1000 
points are 
activated, but the 
counter doesn't 
react 


This usually happens between the -9- and -0- position. It is 
caused by the mechanism not running smoothly enough. Remove 
the counter in question from the panel, and release the locking 
spring on the middle axle. Unscrew the (3) screws that hold the 
number wheel in its place. Remove the spring holding the catch 
(A) (fig. 38) and let catch (A) tumble. Now press the plunger (B) - 
into the solenoid and tum ratchet (C) thus, that it can be 
removed from the axle. Check if spring (D) is not stretched out 
or gone slack. When the counter has a contact plate, you should 
clean it with contact spray and a lint-free piece of cloth. Clean 
the central axle and grease it very lightly with thin oil. Clean the 
ratchet and any wiper mounted on it. Reassemble in reverse 
order. Now remove the solenoid (two screws hold the mounting 
bracket in place). Clean the plunger and the solenoid core (wrap 
a piece of cloth over a screwdriver, spray the core with some 
contact spray, and turn the screwdriver around inside the core). 
Clean the cam on the mounting bracket of the coil. 

Check the solenoid. This can be done by connecting the 
connection NOT connected to the 50 Volts line to neutral. The 
50 Volts line is easily recognizable: this wire runs through all 
counter coils, pay careful attention to the color. When you check 
this way, the coil should attract. When the coil is working 
properly, check the NO contacts on the relay in question, 
particularly the contacts containing thick silver points. Place a 
screwdriver between the contact blades to test the operation of 
the NO contact. When necessary, clean the contacts, and adjust 
them. 

If the problem is not to be found in the contacts, check the 
wipers of the player unit (in older models: ball count). The metal 
spiral to the wipers has many thin wires coming out of it. These 
are soldered to the wipers. Check whether these are all fixed in 
their places. When necessary, clean the contact plate and adjust 
the wipers (see chapter 9). 


C. 


e. 


One or more 
counters do not 


_ reset to zero 


All counters reset, 
but the motor 
keeps running 
and the game 
doesn't start 


Counter solenoid 
is powered right 
away and 
remains that way 


Counter "misses" 


now and then, 
during fast play 
points are 
sometimes not 
granted 

After passing the 
-9- position, there 
IS nO Carry over 
to the next 
decade 
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Check the counters in question for the operation of the middle 
and upper contacts on the solenoid bracket. See for the correct 
way of adjusting Chapter 10 and fig. 39. Check also whether all 
wires on these contacts are still connected. | 

If these checks do not bring any problem to light, check the 
contacts of the reset relay, or, when present, the score reset 
relay. When about one-thirds or half of the counters do not reset, 
check the motor contacts (impulse contacts) or the operation of 
the score reset relay itself. 

In models with score reset relays (from 1971 on), these relays 
will continue to flap. This is caused by the fact that one or more 
of the -0- position contacts on the counters does not open its NC 
contact. This is the upper contact of the contacts on the solenoid 
bracket. Please note that the models from before 1966 actually 
have to close the upper contact at -0-. Pinball machines with a 
bonus system (extra points when the ball leaves the playfield), 
often have the zero-position contact of the bonus unit (under the 
playfield) added to this circuit. Check the operation. In machines 
from before 1966, this defect can be misleading: when the zero 
position of one of the counters is not registered, the 
corresponding reset relay will not trip, and will not reset the 
entire following group(s) of counters. 

One or more of the contacts on‘the playfield remains closed. The 
NO contacts behind rubber bands or the rollovers on the playfield 
are the most common causes. Be careful! When the counter 
solenoid is activated longer than 30 seconds, it can burn out. 
Another possibility is: there is a closed NO contact on the 
operating relay in question (1 point, 10 points, etc.). Check the 
operation of the end of stroke contact of the counter as well. 

The hold switch circuit of the operating relay (1 point, 10 points 
relay, etc.) is not working. Check the end of stroke contact of the 
counter, but also those of the equal digits of the other possible 
players. This is the NC contact which is mounted vertically in the 
counter. It should only open when the counter arm (and 
therefore the plunger) has completed its stroke. 

Check the -9- position NO contact, the bottom one of the three 
contacts on the solenoid bracket. When it operates to satisfaction 
and the wires are firmly in their place as well, check the’ 
operation of the NO contacts on the operating relay of the 
counter that passes the -9-. If necessary, clean and readjust. 
Another possibility could be a dirty contact plate of the player 
unit (before 1966: ball count unit). For further details, see point 
b. 
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10-E Bally counters: replacing parts 


a. Replacing the 
solenoid 


b. Replacing the 
plunger arm 


c. Replacing the 


wiper 


If necessary, take out the counter from the frame, by unscrewing 
the wing screw in the bottom or lifting the handle on the side of 
the counter, and pulling back the counter. 

Loosen the screws mounting the -0- and -9- position contacts to 
the bracket far enough, so that they do not stick out in front of 
the solenoid. Remove the (2) screws attaching the solenoid 
mounting bracket to the frame. The bracket can now be pulled 
out of the way. 

Replace the solenoid. During reassembly, take care that the -0- 
and -9- position contacts slide correctly between the operating 
arm. Do not forget to tighten the screws and to readjust. 

Remove the counter from the frame (see point a.). Remove the 
locking spring of the number wheel (on the central axle). 
Unscrew the (3) screws from the number wheel, and take it from 
the hub. Unhook the spring from the blocking arm, and let it 
tumble away (A in fig. 38). Press the plunger into the coil and 
turn the hub in such a way, that the notch reaches a position, 
which makes it possible to lift the hub over the plunger arm. 
Unhook the spring from the arm, which can now be taken out of 
the mechanism. The plunger is attached to the arm by means of a 
locking pin. This pin can be knocked out of the plunger, by | 
means of a punch. Reassemble in reverse order. When placing the 


| hub, take care that the blocking latch (A, fig. 38) and the 


actuator arm for operating the -0- and -9- position contact fit 
correctly over the ratchet. By following the movement of the 
actuator arm while the hub is turning, it is possible to recognize 
the -0- or -9- position, which allows you to fix the number wheel 
in the correct position. 

Remove the counter from its holder, as described under point a. 
Take the hub from the counter as described under b. The small 
wiper is mounted to the bottom of the hub by means of two small 
screws. Reassemble in reverse order. 


11. Bally: setting up a new game, one or more 


players 


Setting up a new game, either by coin chute, or by using the "credit" buttoh, puts in 
motion a fairly elaborate circuit. This system also provides for setting up the second, third 


or fourth player. 


If the machine is a single- player or 2-player pinball machine, the circuits will be the same, 
but everything that has to do with the other players is no longer applicable. In 2-player 
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machines any coin unit is replaced by a trip or interlock relay (which is them called "2 can 
play" relay). 


11-A Bally: Setting up a new game, one or more players, through 1966 
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Fig 46. Setting up a game, Bally through 1966 


The system used up to 1966 (up to and including “Loop-the-loop") is shown in fig. 46. 
One important item: this circuit contains a 110 Volts section. This current can be fatal. 
During adjusting and repair work, the machine should always be unplugged. Using a 
switch to turn off the current is not enough, since one pole is always connected to the 
mains supply. The game starts when one of the coin chute relays (1st and 2nd chute relay) 
is powered, or when the free game button is pressed, while the free game counter (replay 
unit) is not on zero. When the “ball count unit" is above its second position (the first 
players first ball is then played) or when the “anti-cheat" relay is loose (this happens after 
the machine has been hit or kicked), or when it's "tilt", the start relay will trip. When these 
conditions are not met (so when the game has already started, but the first ball hasn't been 
played yet) the multiplay relay will be activated (through resting position contact IC score 
motor). The NC contact of the "4 can play" trip relay prevents the multiplay relay being 
activated by the free game button, when there are already four players. 

Let's assume you start a new game, the start relay is tripped. It sets the score motor to 
rotate (through an NO contact, not shown here). Immediately, while the score motor is 
still in its resting position, the start relay makes the ball count unit spring back (through 
contact IC score motor, 50 Volts circuit). Because the ball count unit is reset, the relay 
bank is lifted when motor contact 4B (after about half a motor cycle) is operated, and all 
relays are latched (the start relay as well!). The NO contact on the trip bank side in this 
circuit is connected to the trip plate of the start relay and will only open when the start 
relay is completely latched. If it doesn't do that , the setup pulse can be too short. 


40 


Pinball Machine Maintenance 


Back to the 50 Volts circuit: over motor contact 2C (when about two-fifths of the motor 
cycle has been completed) one impulse is given to the "total play meter’, and the free 
game counter is set back one position, unless a coin chute is used, because then the Ist or 
2nd coin chute relay are activated. Because, during the resetting of the relay bank, the (3) 
reset relays are latched as well, the score reset circuit will also be activated (see for further 
details chapter 10 D). So now we' return to the multiplay relay: this will be activated when, 
after the game has started, coins are deposited, or a free-game is being used. The multiplay 
relay, too, makes the score motor rotate (not shown). The multiplay lets the "2 can play" 
relay trip over motor contact 4C (last impulse). As we can infer from the name, two 
players can play. After the motor cycle has ended, the multiplay relay drops loose, because 
motor contact 2B breaks the current on the hold switch of the relay. 

Activate the multiplay relay again, and as soon as motor contact 1B closes (that is a short 
moment before 4C) through the NO contact of the 2 can play relay (by now closed), the 
"3 can play” relay will trip. Because of the reverse order of tracing this can only happen 
when the multiplay relay is activated for the second time. It is the same with the "4 can 
play" relay; this is powered over the motor cam 4B (closing even sooner). As long as the 
"4 can play" relay is not tripped, the multiplay relay will also trip the total play meter, 
when "4 can play" is tripped, the SPDT leads the pulse to the coil that raises the free game 
counter with one point. By this is achieved, that a credit is added when a coin is inserted, 
even when there are already four players registered. 


11-B Bally: Setting up a new game, one or more players, 1966 - 1969 
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Fig. 47 Setting up a game, Bally 1966 - 1969 
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In 1966, the start circuit went through a complete metamorphosis, when Bally 
permanently discarded the (defect prone) relay banks with solenoid reset. Fig. 47 shows 
the improved system. No more 110 Volts circuit, everything is neatly switched by relays. 
An important fact to know about this system is the function of the stepping units. Coin 
unit (full reset): regulates the number of competitors. Ball count unit (full reset): counts 
the ball (1-5) currently in the game. Player up unit (full reset) indicates the current player 
(1-4). 

The way this circuit operates: the coin chutes operate the corresponding relay: Ist, ond 
and 3rd coin chute relays (not shown). When one of these relays activates - or when the 
free game button is pressed while there are still free games on the register (replay -O- NC 
contact closed)- the neutral connection will, when the ball count unit is not on "Ist ball", 
or the "game over" relay has been tripped, go to the coil of the "start" relay. This relay will 
remain activated over it hold switch and motor contact 10, but when a motor trip bank has 
been used in the machine (Cosmos, Gator), the start relay has been mounted on that bank 
as a trip relay. When the ball count unit, however, is in the "Ist ball" position, and the 
game is latched over interlock relays (so, after an earlier start), the signal of the free game 
button or chute relay will go to the coil of the multiple play relay. The multiple play relay 
will remain activated over its hold switch and motor contact 10. The free game button will 
no longer function when there are already four players set up (coin unit limit NC contact is 
opened). 

When the start relay 1s operated, it will immediately cause the coin unit reset coil to be 
activated (back to the "1 can play" position): the "game over" relay is latched and over 
motor contact 3, the reset coil of the ball count unit is activated (back to "ball 1 in play"). 
In machines, that have the start relay mounted on the motor trip bank, the tripped start 
relay starts the motor that latches the bank relays. Over motor contact 4 and a closed NO 
contact of the start relay,, the player up unit is reset (back to player 1 up). 

The start relay or the multiple play relay (NO contact, connected in parallel) sends out a 
signal over motor contact 3 to the SPDT contact, that is operated by the highest (limit) 
position of the coin unit (which means at "4 can play"). When the coin unit is not in its 
highest position, the total play meter will receive one impulse and a free game will be 
counted off. The circuit tot the counter coil of the free game register will be broken when 
one of the coin chute relays is activated. Logically, because there is no need for ean 
off a free game, when a coin is inserted. 

However, when the coin unit is actually in its highest position, one free game will be 
added. This way, inserted coins will be converted to credits, when four players are already 
set up. 

Over motor contact 7, an NO contact of the multiple play relay will cause the coin unit to 
advance one step: an extra player (... can play) is added. 
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11-C Bally: Setting up a new game, one or more players, 1969 - 1971 


In 1969 (from BallyHoo on), the system was changed, but not radically. Only a few 
models of pinball machines feature this system. See the diagram in fig. 48. The difference 
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Fig. 48 Setting up a game, Bally 1969 - 1971 
with the circuit used in the period 1966.1969 is, among others, the introduction of the 
"replay relay", which is powered by pressing the free game button (when there's enough 
credit, and not when there are already four players registered). This simplifies a large part 
of the circuit: replay reset (counting off a free game) and adding a free game when a coin 
is inserted after the fourth player has been set up, now work much more direct. In all other 
respects the circuit is almost exactly similar to that which has been used from 1966 on. 
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Fig 49 Setting up a game, Bally 1971 - 1977 


11-D Bally: Setting up a new game, one or more players, 1971 - 1977 


In 1971 (from "Four million BC" on), a system was introduced, which was used until the 
last electromechanical pinball machine was manufactured. See the diagram in fig. 49. 
Inserting a coin causes the coin relay to be activated. This relay will remain activated over 
its hold switch and motor contacts 8 and 10,. Pressing the free game button operates the 
coil of the "credit" relay, that is, if the (2) coin chute contacts AND the score motor are at 
rest. And, of course, there have to be free games registered (credit unit -0- NC contact 
closed) and there shouldn't be four players set up already (coin unit NC contact open, 
which, by the way, is bridged at "game over", or when the ball count unit or the player 
unit has already been operated). The credit relay also causes the coin relay to be activated. 
An NO contact of the coin relay, when the game over relay has been tripped (game is 
over), causes the reset relay to be activated. The relay will remain activated over its hold 
switch and the score reset circuit (chapter 10D), until all counters have been reset. An NO 
contact of the coin relay operates - over motor contact 3 - the coil of the total play meter, 
through the credit relay, the return (steps) of the free game counter (credit unit) and - 
depending on the position of the reset relay - coin unit reset (to "1 can play"), ball count 
unit reset (to ball 1), the game over latch coil and player up unit reset (to "1st player up"). 
It does all these things when the reset relay is activated. When the reset relay is 
deactivated, the impulse will be passed on to the "coin unit stepup" coil, to set up a next 
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player (.,. can play). To ensure a complete reset when a coin is inserted, or when the game 
hasn't been completed yet, an NO contact of the coin relay will trip the game over relay, 
when the ball count unit or the player up unit are not in zero position. 


11-E Bally: Game setup circuit defects 


a. No reaction to Until 1966: NC contact on the start relay (wires usually black 
coin insertion or and red plastic), anti-stroke contact in the door not closed, or 
pressing the free dirty. If there is only trouble with the free game button: replay 
game button unit -O- NC contact doesn't close when there are credits on the 

meter; bad connection between bottom panel and black box. 
Coin unit limit NC contact always remains open. 

1966 and later: Anti- stroke contact in the door doesn't close; 
one of the coin chute switches is continually operated (if they are 
connected on three points). NC contact of the delay relay (if 
present) open or dirty. NO contact of the coin relay does not 
cause the score motor to turn, or, motor does not go to resting 
position by itself (check motor contact 1). 


b. One or more This is usually a mechanical failure: because of dirt or a broken 
stepping units do spring, the units do not spring back fluidly. Testing by hand: 
not reset press the plunger inside the small coin. Clean unit as described in 


chapter 9. When there is an electrical failure: NO contact coin 
relay, motor contact 3, SPDT contact reset relay (on the NO side 
_ aS well as on the NC side). Clean and readjust. 
c. Atthestartthe In machines from before 1966: the zero position contacts on the 


game remains ball count unit (player unit) do not switch well, or they are dirty. 
over, counters do From 1966 on: Dirt or non-closing NO contact on the game over 
not reset, next (interlock) relay, zero position contacts of the ball count and/or 


player is set up _— player up unit do not work correctly. 


12. Bally: Ball release, advancing next ball/player 


In the pinball machines built before 1965 (through "Mad World") there is no electric ball 
release system. When the ball left the playfield, it fell on a rail under the field. In this rail a 
contact was placed, switching the player up relay. There was also a small fence mounted, 
which let the ball pass as long as there was no start or game over situation. As the ball 
rolled on, it fell into a "spoon mechanism", after which the player could bring the ball in 
front of the shooter by pressing the siphon of this mechanism. This is why these pinball 
machines were called spoon pinball machines or pinball machines with manually operated 
ball-lift. The electric circuit for advancing the current player is identical to that used during 
the years 1965/1966, but there is no ball return solenoid, and no ball return relay. 

In the first chapters after this, I will discuss the principle in "single ball pinball machines", 
which means that there is at any moment only one ball in the game. When multiple balls 
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can be played simultaneously, we speak of a "multiball" machine. This principle is 
described in chapter 12D. 


12-A Bally: Ball release, advancing current player, up to and including 1966 


Until 1966 (through "Loop the loop") only one stepping unit (full reset, fig. 16, chapter 
5B) was used. In a 4-player machine, it had 21 positions: four players times 5 balls, plus 
the zero position. The first position (0) is not used, the 2nd through 5th position are ball 1 
for players 1, 2, 3 and 4; positions 6 through 9 are the second ball, etc. When only one 
player is playing, the stepping unit will have to take four steps when giving the next ball: 
past the positions of players 2,3 and 4, on to player 1, next ball number. The operation is 
shown in fig. 50. 
As soon as a ball leaves the playfield and winds up in the outhole, the NO contact of the 
outhole (then closing) will cause the ball return relay to pull inwards, as soon as motor 
contact 1C (resting position) is closed (with the exception of pinball machines from before 
1965, see chapter 12). The ball return relay remains pulled in over the hold switch and 
motor contact 2B. An NO contact of the ball return relay causes the score motor to start 
turning (not shown). As soon as motor contact 4C closes, the “ball return solenoid", over 
a closed NO contact of the ball return relay, will be powered. 
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Fig. 50 Ball return / advancing players turn (through 1966) 
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This is the eject mechanism that shoots the ball into the throughway (the ball return 
tunnel). Only when the "match relay" is activated, this doesn't happen. The match relay 
ends the game after the last ball. We shall discuss this later on in chapter 13A. When the 
ball is almost through the throughway, it operates the NO contact "ball through". This 
activates the player up relay, which remains activated over its hold switch and motor 
contact 2B, unless the "extra ball" relay (also called "shoot again" relay) is powered. The 
latter is only the case in machines that have an extra ball feature. An NC contact from the 
extra ball relay breaks the circuit to the player up relay. When the ball is brought back 
before the shooter, the current player or the ball number will not advance. 

An NO contact of the player up relay causes the score motor to rotate (not shown). When 
motor contacts 1A and 1D are both closed, which is at the first pulse of 5-impulse contact 
1A (see diagram), the player up relay will advance one step over the closed NO contact of 
the player up relay. The player up unit now designates player 2. When no second player 
has been set up (2 can play is not tripped or "22° player tilt" is tripped), the next pulse of 
the 5-impulse contact 1A will advance the player up unit again. It now designates player 3. 
The same thing happens here: no third player (3 can play not tripped, or 3rd player tilt 
tripped), another impulse to the solenoid of the player up unit. This will continue until the 
player up unit designates a player who is playing (and is not tilted). Because the player up 
unit, next time the system is started by a ball, will receive at least one pulse (1A, 1D score 
motor), advancing will always be set to motion. The way this system operates explains 
also the zero position of the player up unit, which is never used: when, after the machine 
has been reset, the first ball is released, this will also cause the player up relay to be 
activated, and the player up unit will advance at least one step, to position 1 (player 1, ball 


1). 


12-B Bally: Ball release, advancing current player, 1966 - 1970 


During the total design change Bally introduced in 1966 (from "Bazaar" and “Capersville") 
the ball return and player/ball advancing circuits were revised. The following part deals 
exclusively with 4-player machines with single ball game. For 1-player and 2-player 
machines the old system was still used, with the exception of "tilt" no longer causing the 
end of the game. For this reason there were no more separate tilt-relays for each player, so 
we have to exclude them from the diagram in fig. 50. The system, used until 1970 (up to 
and including "Camelot"), is shown in fig. 51. 
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Fig. 51. Ball return / advancing player 1966 - 1970 


The ball return system is again very simple; the ball operates the NO contact in the outhole 
and, when the score motor is at rest, causes the ball return relay to activate. This relay 
remains activated over its hold switch and motor contact 8. An NO contact of the ball 
return relay causes the score motor to rotate (not shown). When the match relay is at rest 
(NC contact closed), and motor contact 3 closes momentarily, the ball return relay 
activates the "ball return solenoid". This is the solenoid that causes the ball to be deposited 
in the throughway. When the player up unit (which designates the current player), and the 
coin unit (which designates the number of players) are in the same position (for instance, 
3rd players turn, and 3 can play), the player reset relay will, as soon as the NO contact of 
the outhole relay is closed, be activated (except when the NC contact of the shoot again 
relay is opened, which, by the way, is only possible in pinball machines with an extra ball 
feature). The NC contact of the "player advance" relay (which is only activated when the 
ball has nearly left the throughway) prevents premature activating of the player reset relay, 
at the moment that the game is advanced to the highest possible player. In this way, the 
player reset relay will only be activated when the ball of the highest possible player falls 
into the outhole. When player reset is powered, then, simultaneously with the release 
solenoid, the ball count unit will advance one step, and the next ball number is displayed. 
The next ball, of course, begins with the first player, and this is why the end of stroke 
contact (closed when the switch lever of the ball count unit is completely taut) makes the 
player up unit go back to its zero position (this is one position before the first player). The 
ball in the throughway operates the ball through NO contact "ball through". This activates 
the "advance player" relay (circuit is broken by match and shoot again). The relay remains 
activated over its hold switch and motor contact 10. An NO contact of the advance player 
relay causes the score motor to rotate (not shown). When motor contact 8 is closed, the 
advance player relay causes the player up unit to advance one step. When this has not been 
preceded by a player reset, this means that the player up unit will designate the following 
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player. If there was a player reset, the player up ‘unit will switch from its (unused) zero 
position to the position for the first player. 


12-C Bally: Ball release, advancing current player, 1970 - 1977 


In 1970, the previous design was improved. This system, too, is only applicable to 4 player 
machines with single ball game. The models for one or two players, kept a system with 
only one stepping unit, keeping score of the current player as well as the ball count. 

The system, that was introduced in 1970 (first single ball machine: "See Saw") is shown in 
fig. 52: this is for machines without the so-called "bonus unit". 

_ From 1973 ("Monte Carlo" and later), all Bally machines feature a bonus system. The 
player receives an additional score when the ball leaves the playfield. The bonus is built up 
during the game. Almost always a "single step reset" stepping unit is used for that purpose 
(see chapter 5B). The bonus system is part of the ball return circuit. The basic principle is 
similar to that shown in fig. 52, but more extensive: see fig. 53. Since both circuits are 
si olan 1 will describe them here. 
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In machines without bonus, the closing of the outhole NO contact, when the score motor 
is at its resting position, will power the outhole relay, which will remain activated over its 
hold switch and motor contact 8. In pinball machines with bonus, the closed outhole 
contact will close the circuit to the "bonus score" relay, if the score motor is at rest and 
the bonus (stepping) unit is not at zero (bonus points are registered). The bonus score 
relay remains activated over its hold switch and the (open at-) neutral contact of the bonus 
unit. A switch (not shown) operates the stepping back of the bonus unit, and the adding of 
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the bonus points. When the bonus unit is at its zero position, the outhole relay will, as 
soon as the motor reaches its resting position, be activated and remain activated over its 
hold switch and motor contact 8. From this point the circuit is the same for both systems: 
a "ball index relay" is part of the circuit. This relay is activated, as soon as points are 
scored, or when the machine is tilted. The relay remains activated over its hold switch. 
The outhole relay causes the score motor to rotate (not shown). When the player up unit 
(which designates the current player), and the coin unit (which designates the number of 
players) are in the same position (for instance, 2rd players turn, and 2 can play), the "ball 
count unit" will, when the NO contact of the outhole relay is closed and the ball index 
relay is activated (perhaps broken by an NC contact of the extra ball relay in pinball 
machines with that feature) advance one step, because of the closing of motor contact 3. 
The end of stroke contact, closed by the mechanism of this unit, causes the "player reset" 
relay to be activated. This relay remains activated over its hold switch and motor contact 
1. Motor cam 4 closes an NO contact that causes the ball count unit to advance one step, 
when the player reset relay 1s loose (so when the ball count unit has not just shifted). If the 
ball count unit has shifted (and the player reset relay is activated) a SPDT contact of the 
player reset relay will lead this impulse to the player up unit reset coil; this jumps back to 
the first player position. In machines featuring a bonus unit, an NO contact of the outhole 
relay and motor contact 6 cause the bonus unit to advance one step, causing it to leave its 
zero position and stopping the outhole relay from being activated again. A NC motor 
contact 6 is connected in parallel with an NC contact of the outhole relay to release the 
ball index relay during the outhole cycle. Should the ball, when its shot into the 
throughway, fall back into the outhole, the current player respectively. the ball number will 
not advance, since the ball index relay is released. This switching method holds the 
advantage for the player that the ball can be played again, when no points are scored. 


12-D Bally: Ball return in “multi ball" machines 


THROUGH sw. (ax) 


OUuTHOLE 


Fig. 54 Ball depository in multiball machine 


In pinball machines having a multiball feature, the ball return and player advance system is 
rather complicated. In the throughway of these machines (the throughway is the tunnel 
leading from the outhole to the shooter) a "ball repository" has been built in, as the sketch 
in fig. 54 shows. See how the "crescent" on the right side stops the balls. A lever, driven 
by a solenoid, makes this mechanism do a quarter revolution (anti-clockwise), so that the 
first ball can roll on to the shooter lane. When this little mechanism returns to its resting 
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position, the next ball will roll one position further, until they are stopped again by the 
crescent. This is called the "ball release" mechanism. To the left side, we see a similar 
appliance as in "single ball" machines: the outhole kicker that shoots the ball into the 
throughway (in this case the depository). To sense how many balls are present in the 
depository, contacts are placed on all two or three positions (depending on the model) that 
could hold balls. The electric diagram of the multi ball system, as, for instance, was used in 
"Four million BC" and "Fireball", is shown in fig. 55. 
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Fig. 55 Multiball system, Bally 


The principle of the outhole is similar to that in the systems we discussed before: the NO 
contact in the outhole, closed by the ball, and supplied by the (closed) resting position 
contact 1 of the motor, activates the outhole relay. This will remain activated over its hold 
switch and motor contact 10. The outhole relay causes the score motor to rotate (not 
shown), by means of an NO contact. Over motor contact 4 and the closed contact of the 
outhole relay, the outhole kicker solenoid is powered, which causes it to deposit the ball 
into the depository. , 

We can reason this circuit as follows: suppose, there are already two balls in the 
depository and the recently deposited ball is the third. This means that there were already 
two NO contacts (through switches) in the depository closed. The incoming ball closes the 
third. At the moment all three NO contacts are in a closed condition, the outhole relay is 
still activated (the period of time between operating motor contact 4 for ball eject and 
motor contact 10 to release the outhole relay is longer than the time the ball needs to get 
from the outhole to the depository). 

Because the outhole relay is still activated, the "3rd ball relay" will be activated. This relay 
will remain activated over its hold switch and motor contact 6. When the motor's cycle is 
nearly at an end, the outhole relay will be released by motor contact 10. This makes the 
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SPDT contact (over which the 3rd ball relay was just activated) switch over, and the 
circuit to the "ball release" relay is closed. | 

This relay remains activated over its hold switch and motor contact 6. The ball release 
relay, too, causes the score motor to rotate (not shown). When the NO contacts of the ball 
release relay, the ball index relay (when points have been scored) and the 3rd ball relay are 
closed (the ball that just came in was then the last or only free ball on the playfield), the 
ball count unit will advance one step, as soon as motor contact 3 closes and the player up 
(which designates the current player), and the coin unit (which designates the number of 
players) are in the same position (for instance, 2rd players turn, and 2 can play). When this 
takes place, the closing end of stroke contact of this unit will activate the player reset 
relay. This relay remains activated over its hold switch and motor contact 1. After this, 
motor contact 4 will cause the player up unit to advance one step, when the player reset 
relay is released (and thus the ball count unit has not yet shifted): it's the next players turn. 
When the player reset relay is activated, the player up unit reset coil will be activated, the 
unit jumps back to the first player position. 

Another possibility in a multiball game can be illustrated by the following: suppose there 
are two balls in the depository and the third is still in the game. During the play, this ball is 
caught in a hole, which means that a new ball has to be brought into play. The circuit runs 
as follows: depository contacts (through switches) 1 and 2 are closed, the ball on the 
playfield operates (for instance) "hole 1 relay" (this is a fictitious name, in practice the 
relay carries the name that is indicated on the playfield: Volcano hole, Odin hole, etc.). 
The closed NO contact of the hole 1 relay now bridges depository contact 3. Because the 
outhole relay is at rest, the ball release really is activated immediately. The 3rd ball relay is 
not powered. The circuit for advancing player/ball counter is not operated (unless the 
machine is tilted), since the contact of the 3rd ball relay in that circuit is opened. Over 
motor contact 4 the ball release relay will briefly activate the "ball release solenoid": the 
next ball is deposited before the shooter. There is now only one ball in the depository: 
"through switch" number two opens as well, which prevents the circuit to the ball release 
relay from closing again. | 


12-E Bally: Ball return circuit defects 


a. The ball doesn't Outhole NO contact is not closed. Check contacts on the ball 
return return relay or outhole relay. Multiball machines: contacts in 
depository dirty or not closing, lane in the depository is dirty, 

which stops balls from rolling on. 

b. Player and ball Models from before 1970: NO contact in throughway does not. 
number donot = close. After 1970: Ball index relay will not be activated or is 
advance released again: check contacts on the 10/100/1000 points relays. 

Dirty or non-closing contacts on the ball index relays. Perhaps 
dirt on the contact plate of the player up unit. 
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c. Designates four The player up and/or coin unit on the contact plate make bad 
players when a contact. Clean contact plates and adjust wipers. Player reset relay 
single game is will not be activated (end of stroke contact ball count unit) or 
played contacts of that relay are dirty, or incorrectly adjusted. Check the 

operation of motor contact 1, before the hold circuit of the player 
reset relay. 

d. Ball number All possibilities as described under c, or mechanical failure: the 
advances, but resetting of the player up unit does not go smoothly. Dirt, or a 
player up will not broken spring. Check, and, where necessary, clean. 
go to player 1 

e Game does not Ball count unit, player up unit and/or coin unit do not reset 
begin with ball 1, correctly. Usually caused by mechanical failure. Clean thoroughly 
not at player 1 or and check all springs. When necessary, check contacts on the 
more players can _ reset relay (start relay). 
play immediately 


13. Bally: End of game 


When the last ball of the last player leaves the playfield and winds up in the outhole (in 
multiball machines: depository), a circuit is activated that brings the machine to a "game 
over" condition. Also, the end digits of the scores are compared to the lottery number 
appearing in the upper window. When they match, a free game is given (the so called 
"match" circuit). 

Here, too, the circuits differ, depending on the year the machine was built. This is, of 
course, ‘also caused by the fact that the circuits are connected to the ball return/player up 
circuits, described in the previous chapter. 


13-A Bally: End of game (through 1966) 


Until 1966 (up to and including "Loop-the-loop"), Bally was still using the heavy relay 
banks with trip relays. We encounter these in the game over circuit, too. See the diagram 
in fig. 56. Because a player was completely disqualified when the machine was tilted, this 
circuit 1s quite elaborate. It works as follows: When the player up unit arrives in the 
position "Sth ball, 1st player", and only one player is playing, the circuit to the match relay 
closes: through the closed side of the SPDT contact on the "2 can play" relay; through the 
closed side of the SPDT contact on the "3 can play" relay; through the closed side of the 
SPDT contact on the "4 can play" relay; through the closed NO contact of the "ball 
return" relay (so when the ball hits the outhole). 

Note how this circuit, when more than one can play, is activated later (at a higher position 
of the player up unit): through the NC contacts of the relays "2 can play", "3 can play", 
etcetera, but each time bridged by the tilt relay belonging to that player. 

By placing the 3/5 ball adjusting pin in the "3" position, this circuit is completely activated 
at the positions of the player up unit that correspond with the third ball in play. Lets now 
go back to the activated "match relay": this relay will remain activated over its hold 
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switch. An NC contact of the match relay prevents the ball return solenoid from operating 
(not shown, see fig: 50). This stops the ball from winding up before the shooter. 


Over motor contact 2B an NO contact of the match relay trips the game over relay 
(almost at the end of the motor cycle) . The game over relay, by means of an NC contact 
leaves a large part of the machine without current, this prevents the coil from burning out, 
since coils of trip bank relays should not stay activated for a long time. The match relay, 
too, is deactivated when the game over relay trips. 

NO contacts of the 1 point and 10 points relay advance the match unit one step, whenever 
one of these relays is operated. In this way the end number (lottery number) is "mixed". 
The score the match unit reaches at the end of the game defines the lottery number. 
Comparing the end number with that of the (unit) counters) goes as follows: through the 
contact plates of the 0-9 counters of all players, the corrresponding outputs are connected 
through to each other, and also to the correspondingly numbered outputs of the match 
unit. The wiper of the match unit is connected directly to neutral, and therefore also with 
the designated output of the unit and the counter outputs connected to it. 

When one of the 0-9 counters matches the score on the match unit, the wiper of that 0-9 
counter will be connected to neutral (Flow path: neutral wiper match output match output 
counter wiper counter). When the player corresponding to the counter is also designated 
as a player (NO contact of ".. can play" relay is closed) , and the corresponding tilt relay is 
not tripped, then the following will happen over the 5 impulse motor contact 1A and the 
closed NC contact of the match relay: simultaneously with the second impulse of 1A, 
motor contact 2C will connect the circuit to the "replay unit step up" solenoid with the 
wiper of the third player 0-9 counter. When this counter output is connected to neutral, 
the solenoid will be activated, and one free game is added. At the third impulse of 1A, 
motor contact 3B connects the second player 0-9 counter output with it, at the third 
impulse motor contact 1B does this for the first player. During the fifth impulse of 1A, 
motor contact 4C, finally, connects the fourth player with this circuit. The diagram also 
shows the (adjusting) pin "match on/off", which - in reality - is located in the front of the 
machine. Relocating it deactivates the entire match function. There is no end number, no 
free game. Furthermore it should be noted that this system is identical in one and two 
player machines, save the part that corresponds to the (24), 3rd and 4th player (which is 
left out). 


13-B Bally: End of game, 1966 - 1970 


From 1966 onwards ("Bazaar", "Capersville"), Bally radically changed the ball return 
system and advancing the current player. Instead of one "player up unit" keeping score of 
the player number and ball number, there are now two stepping units: the "ball count unit" 
_ and the "player up unit" (see chapter 12-B). Also the "player reset" relay was introduced. 
This greatly simplified the "game over" circuit. See fig. 57 for the diagram. 

When the ball count unit is in the position of the highest possible ball (3 or 5, depending 
on the way its been set up - or even seven balls in "Dixieland" and "Safari" -), and the 
player reset relay is activated, the match relay is powered. Activating the player reset relay 
happens after the last player has played his ball (see 12-B). In fig 51, we can see that an 
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NC contact of the match relay prevents a) that a new ball is deposited before the shooter, 
and b) the.operation of the ball count / player up step up respectively reset. Over motor 
contact 7 the match relay activates the game over interlock relay. The game over relay 
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Fig. 56 Game over / match circuit 
Baily up to and including 1966 
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Fig. 57 Game over / match circuit 
Bally 1966 - 1970 


breaks the circuit to protect its trip coil. The matching of the end number goes as follows: 
A wiper on the match unit connects one of the (10) outputs with the 0 Volts line. The 
match unit outputs are connected to the corresponding outputs of the 0-9 score counters 
of all players (e.g. match 3 and score 3, etcetera). When the match unit and the score 
counter are in an equal position (end numbers match), the wiper of the 0-9 counter will be 


Fig. 58 Wiper contact coin unit 


connected to neutral. The wipers of these 
counters are connected to a motor 
contact: nr. 3 for player 1, nr. 4 for player 
2, nr. 5 for player 3 and nr. 6 for player 4. 
All motor contacts mentioned here are NO 
contacts. When the corresponding motor 
contact closes and the NO contact of the 
match relay is closed, the connection to 
the free game counter is closed: one free 
game 1s added. Between the motor 
contacts and the NO contact of the match 
relay we also find wipers and the contact 
plate of the coin unit (which designates the 
number of players). Naturally, if there are 
no 29d 3rd of 4th players, these do not 
compete in the end number lottery. This ts 


achieved by the special wiper, shown in fig. 58. It is shown in its resting position ("1 can 
play"). All wiper blades are connected to each other. The blade that is closest to the 
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middle runs over the "F" (feed) track: the input. This, in its tum, is connected to the NO 
contact of the match relay. So track 1 is covered by the wiper blade, which means that it's 
connected to F, when player 1 plays (which is always). Track 2 1s covered (connected to 
F), when players | and 2 are playing, track 3 when players 1, 2 and 3 are playing. Track 4 
is covered when all players are playing ("4 can play"). A similar wiper on the coin unit 
feeds the "1 can play", "2 can play"- lamps, etcetera. When a next competitor 1s added, the 
lamp of the lower player number will remain on, as well. 

The match unit advances as usual - through the 1 point and 10 points relays (NO contacts) 
- one step at a time. One drawback of this system is that the coil of the match unit burns 
out, when a playfield contact remains activated. Bally has found the following solution to 
this problem: from "Cosmos" (1969) the match unit solenoid is only connected over motor 
contact 9, a 3-impulse contact, so that each time the score motor rotates the end number 
advances 3 digits. In practice, many of the players were able to calculate the end number, 
which is why this system was-discarded after only a few models. 

After the end number cycle has been completed, the game over relay trips. An NO contact 
of that relay cuts off the current to part of the machine: flippers, bumpers and playfield 
contacts no longer function. 


13-C Bally: End of game, 1970 - 1976 


The previous system could use some simplification: this was done in 1970. The match 
relay was dropped, and the entire game over / match circuit was switched over the contact 
plate of the ball count unit. See fig. 59 for the electric diagram. 

When, in these machines, the last ball winds up in the outhole, a circuit is activated that 
advances the ball count unit (fig. 53). This brings the ball count unit in its sixth position (in 
a 3-balls game: 4th position). Through a wiper on the contact plate of the ball count unit 
that game over interlock relay trips immediately in this position. An NC contact of this 
relay switches off (among others) all playfield coils and contacts, which also ensures that 
no further balls are deposited before the shooter. A wiper of the "00-90 match unit" (end 
number lottery) is connected directly to neutral. The outputs of the match unit are 


0 


marc ser opr awit 


aenr we —— 4™" r 
BALL COUNT UNIT BALL COUNT UNIT be, a/ = 
VU AISI OE. 
LLIN LLALYY VACA GAY 
3/eBALL jog iW AVAL 
Adjust. 7 3 Vare LAL AY 
Zz VIA Bas 
: VAPAPZIIZAI, 3:8 
bs ZAVEIZIIZA BSC 
ae ZA ee ws 
sg wHIv, ¥ ayo $e 
S* AIi@ ie . 
Si BES susemr| RAZA 
ey SoS PS eee 
3s aL BAZ] “o } ane. 
goa « S $3 3/5 Bactaw ve 


Fig. 59 Game over and match circuit Bally 1970 - 1976 
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connected to the corresponding outputs of the 00-90 counters of all players. When a 
counter such as these is in the same position as the match unit, the wiper in that counter 
will be connected to neutral. The 0 Volts signal is passed on through motor contacts 4 
(player 1), 5 (player 2). 6 (player 3) and 7 (player 4). Through the contact plate and the 
special wiper of the coin unit (see chapter 13-B, fig 58), these pulses are fed to the contact 
plate of the ball count unit. When this is in the sixth position (3-balls game: fourth 
position), the circuit to the credit unit (free games register) step up solenoid will be closed, 
simultaneously with each pulse. When the connection to neutral is completed, one free 
game is added. That is, when the match on/off plug is in the "on" position. A wiper of the 
ball count unit causes, on position 6 (or 4), as soon as motor contact 8 closes, the ball 
count unit to advance one step to position 7 (3 balls game: position 5). This ensures that 
the end number matching circuit is not activated again when the score motor rotates once 
more in the game over position (for instance, when a coin is inserted). 

Lastly, the 00-90 match unit itself advances one position when the NO contact on the 10 
points relay closes. Note that 10 is the lowest value in these machines. The units counter 
has been replaced by the so-called "dummy" zero. In this case, too, the circuit was drawn 
for a 4-player pinball machine. One and two player machines have the same circuit, 
without the parts corresponding to a (second), third or fourth player. 


13-D Bally: End of game 1976 - 1977 


The system described in the previous chapter was improved in 1976 (from "Flip-Flop"). 
As there was so much switching taking place over the contact plate of the ball count unit, 
it was quite defect prone (dirt!). 
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contacts of the player reset relay 
(see chapter 12-C for a description), and the game over relay. The extra step of the ball 
count unit, as described in 13-C, is no longer necessary: when the score motor reaches its 
resting position, the player reset relay will be deactivated, which renders the end number 
match circuit inactive. Switching of the 00-90 match unit is as usual: over the NO contact 
of the 10 points relay. 
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13-E Bally: Other functions of match unit — 


Because the match unit changes position many times during a game, and constantly 
revolves, it is eminently suited for controlling the various elements of the game that are 
based on chance. The best known application is called the "alternate relay". A wiper 
contact of the match unit - connected to neutral - traces a series of contact points which 
are alternately connected to the coil of the alternate relay. This will cause the relay to be 
activated at, for instance, all odd positions of the match unit. SPDT contacts on the 
alternate relay toggle certain features on the playfield: for instance: one of the two (left 
and right) exit lanes gives a hundred points when lit, when not lit it only gives 10 points. 
After the stepping of the match unit (and the changing of the position of the alternate 
relay), these features are toggled. More complicated features can also be controlled in this 
manner: "Camelot" and "Galahad" (1970) contain a lane that awards one extra ball when 
lit. This is connected to one position of the match unit, and will therefore only burn once 
in every ten times. SO 

Until 1966 Bally also used the match unit for lighting the playfield bumpers (10 points 
when lit). This system was combined with the "thumper control unit", a stepper that 
advanced two steps when a free game was won, and went back one step when a new game 
was started. The higher the score of the thumper control unit, the less often the bumpers 
were lit. A similar automatic percentage adjustment system is called "reflex" and was also 
used in bingo and hazard games machines. 


13-F Bally: Defects in the game over/ match circuit 


a. Machine gives Game over trip or interlock relay: NC contacts do not close in 
unlimited the latch position. Dirt, or bad contact on the contact plate of the 
number of balls; ball count or player up unit. Older types: NO contact on the 
does not reach match relay does not close or is dirty. 
game over. 


b. Machine stays at Anti cheat or lock relay is not activated: anti cheat contact in 
game over,even door or on the bottom of the box remains open. NC contact on 
after reset. anti cheat or lock relay does not open. Ball count unit does not 

reset (this usually has a mechanical cause: clean and check 
springs). Mechanism of the game over interlock relay does not 
function. Dirt causes the relay plate to stick to the coil. 

c: End number does Match on/off pluglet is in position "off'. Dirt or bad contact on 


not light up, the contact plate of the match unit. Check NC contacts on the 
there is no free game over and player reset relays. 
game. 
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d. End number When the machine also does not give a free game on the scores 
corresponds, but set: limit contact (open in the highest position) of the replay 
there is no free (credit) unit remains open. In the case of a single player: coin 
game. unit contact plate dirty or makes bad contact with the wipers; 

wiper contacts in the counters dirty. When it happens to all 

players: match unit contact plate or wipers dirty, NC contact on 

the match relay (later models also game over relay). After 1970: 
; bad contact or dirt on the contact plate of the ball count unit. 

e. Always the same Match unit not activated: coil on unit defect, or spring broken. 
end number NC contact on the 1 point, or 10 points relays does not close, or 

Is dirty. 


14. Bally: The score-free game circuit 


This is the circuit in pinball machines that has gone through the least changes during the 
years. It is also very similar in almost all machines. Generally, changes have exclusively 
been made to the score counter limits: up to 1999 points in machines from before 1964; up 
to 9999 points in models from 1964-1970; up to 99990 points from 1970 up to 1973, and 
up to 199990 points in machines built between 1973 and 1977. 


14-A. Bally: Score free game circuit up to and including 1964 


Fig 61 shows the oldest system, used until 1964 (up to and including "Big Day"). In these 
machines, each player had only three counters, which then could register only 999 points 
tops. When an amount of thousand points was achieved, the "1000 points" relay belonging 
to that player was tripped. This was indicated by a highlighted "1" before the score 
counters. 

Setting the free games was done with 
_| PLAYER uP unit two groups of plugs and one socket with 
Saal, ten connections, numbered 1-10. One 
group of plugs, recognisable by the color 
of the wire) relates to the scores of 100- 
1000 points, the other group to the 
scores of 1100-1900: the first plug, 
inserted in hole 4 of the socket advances 
a free game at 400 points, the other plug 
at 1400 points. This works as follows: 
the player up unit connects the wiper 


PLAYER UP UIT 


As * ilo contact of the thousands counter of the 
7 $ e ro ‘tee Se current player to neutral. Of course, this 
100-900 scone umits “Sycyer i also connects the output corresponding 

St to the score on that counter to neutral. 


Fig. 61 Score free game through 1964 
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This output, together with the same outputs of the other hundred points counters, is 
connected to the adjustment socket, namely to that hole indicating one number above the 
counter score: i.e. output 6 is connected to adjustment 7, etc. When a plug has been 
inserted in that hole (100-1000), the free game counter will advance one step when the 
NC contact of the 100 points relay closes; in other words, when a hundred points have 
been scored. When the adjustment is for above 1000 points, the adjusting plug (when 
connected to neutral) will connect the NC contacts of all (2 or 4) "1000 points" trip relays 
to neutral. When this (or these) NC contact (or contacts) is/are closed, the output of the 
player up unit -corresponding to the player whose 100 relay is tripped - will be connected 
to neutral. If the wiper contact on this unit also designates that player, it will pass on the 
neutral connection to the NC contact of the 100 points relay, which closes, in its turn, the 
circuit to the “replay unit step up" solenoid. The circuit, shown in fig. 61, is part of a 4- 
player machine; for 1 and 2-player machines the circuit will be the same, except for all 
parts having to do with the (2nd), 3rd and 4th player. 


14-B Bally: Score free game circuit 1964 - 1973 


In 1964, when pinball machines with four digit counters were introduced (from "Bus 
Stop" on), the counter capacity was raised to 9999 points, so the free game system had to 
be adapted as well. It was adapted directly from the previous system. In 1970, when the 
"dummy" zero was introduced (from "Big Valley"), and counter capacity was raised to 
99990, nothing changed, of course, except for the 1000 counter becoming a 10000 
counter, and the 100 points relay becoming a 1000 points relay. The diagram is shown in 
fig. 62. From the period 1964 - 1970 loose wires were used between adjustment sockets 
of the thousands and hundreds (as shown). After 1970 - even then - the thousands were 
left out; the wires from the contact 


plate of the highest decade were 9? 


lengthened and supplied with plugs. 
By inserting a plug with a certain 
wire color (indicated inside the 
machine) in one of the sockets a free 
game was awarded to the amount of 
points corresponding with the 
thousand of the wire color and the 
hundred of the socket used. The 
way the system in fig. 62 operates 
is almost identical to that of before 
1964: the player up unit connects 
the wiper contact of the current 
player with neutral. The output of 
that counter, therefore connected to 
neutral, is connected to the adjusting 
socket. The value is one higher than 
the counter score. So: output 3 
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Fig. 62 Score free game 1964 - 1973 


connected to socket 4, etc. When the socket in question has been connected by the plug 
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connection to the thousands socket, and the thousands counter is also in that selected 
position, the wiper contact of that thousands counter is therefore connected to neutral. 
The wiper contact of that thousands counter is connected to the output of the player up 
unit corresponding to the player number of that counter. When the player up unit also 
designates this player (the current player) and the NC contact of the 100 points relay 
Closes, the free game counter, simultaneously with the scoring of a hundred points, will 
advance one step. The text and the diagram concern a counter system with a capacity of 
9999. For machines with a capacity of 99990, each number in the diagram and text has a 
“O" placed after it. The diagram shown is of a 4-player pinball machine. In machines for 
one or two players the system is the same, but everything concerning the (294) 3rd or 4th 
player is left out. 


14-C Bally: Score free game circuit 1973 - 1976 


Introducing the 100000 relay in 1973 
(from "Monte Carlo"), raising the score 
maximum to 199990, demanded adapting 
the free game circuit so, that free game 
scores above 100000 were made possible. 
The group of scores that make a free 
game above 100000 possible, is switched 
on or off by inserting or taking out a plug. 


10000-Gowvoe Score 
awit 


at Degg ee ae This plug, mounted in the back box, has a 
AA How 8 very confusing name: “insert 3/5. ball 

[7 o” ge gm 2a =e adjustment". This plug, however, has 
sv wes PLAYER ue unit < nothing to do with the number of balls per 


game; it exclusively selects the low or 

Fig. 63 Score free game 1973 - 1976 high free game points group. See the 

diagram in fig. 63. It operates in a similar 

fashion to that of earlier years, with this exception: when the "3/5 ball" plug 1s inserted in 

the "5" position, the circuit will only work when the 100000 relay of the current player is 
tripped (NC contact closed). 
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14-D Bally: Score free game circuit 1976 - 1 977 


From 1976 ("Old Chicago") the 3/5 ball 
adjustment plug in the back box was 
dropped. See the changes in the diagram in 
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fig. 64. This system operates exactly like its ' at 
predecessors. Because, in machines that use ; A a: ’ 
such high scores, 10000 - 30000 are not dralZiy fs 
important to free games, the output lines of WG igipaiba Dé oe Ni 
the 10000 - 90000 score units are connected ; aS n7 a 
to an NC contact of the corresponding VAAL, es Wes 


"100000" relay. In this fashion, free game r4i4L<Lé 
scores will only work when past 100000 
points. Using this circuit made adjustment 
possible between 41000 and 140000 points. goy 
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Fig. 64 Score free game 1976 - 1977 


14-E Bally: Defects in the score free 
game circuit 


a. Machine does not When this also doesn't happen at "special" or when a coin is 
give free game inserted: limit contact (open at highest position of replay unit) 
remains open. When no free game is given at special or at the 
designated score, but is given when a coin is inserted: the 
selection plug in the front of the machine (replay/add a ball") is 
currently on “add a ball". 
When a free game is given on special, but not on scores: NC 
contact of 100(0) points relay dirty, or bad contact on the player 
up unit. Also check whether the adjusting plugs for free game 
score are inserted in the right holes. 


b. Free games at Adjusting plugs for free game scores are not in their right 
wrong scores positions. Possibly, the "insert 3/5 ball" plug is not in the correct 
position. 


c. Machine often Mechanical malfunction: spiral spring at the side of the ratchet of 
gives two free the replay (credit) unit is not tight enough. It can be tightened by 
games moving the part sticking into the ratchet a few holes further, 
simultaneously —_—_ against the direction of the spring. Electric malfunction: dirt or 

badly adjusted NC contact on the 1000 points (older models: 100 
points) relay. 


15 Bally: Safety circuits 


A pinball machine has various safety circuits built in. The best known is, of course, the 
"tilt" circuit, safeguarding against cheating by means of pushing or hitting the machine, but 
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the machines are also safeguarded against manipulation of the coin circuit and disruption 
of the current supply. 


15-A Bally: Lock/anti cheat circuit, until 1966 


This circuit, in older machines called "anti cheat", and in latter models called "lock", 
safeguards against disruption of the current supply and kicking and hitting the coin 
insertion door. The purpose of this circuit is to totally switch off the game in one of these 
cases. Before 1966 (up to and including “Loop-the-loop"), this circuit runs partly on 110 
V. The diagram is shown in fig. 65. 
When the mains current is connected 
the transformer remains without 
current. The "NO" side of the SPDT 
contact on the start relay is opened, the 
(extra) NO contact on the left flipper 
button is open, and the anti cheat relay 
is deactivated. Apart from this, motor 
contact 1C is open. Only the coin 
insertion and free game start circuit are 
ready to be activated (see fig. 46). 
When a game is started, the closing 
contact of the start relay will close the 
circuit to the transformer. The same 
thing, incidentally, can also be done by 
Fig. 65 Anti cheat up to and including 1966 pressing the left flipper button. This 
makes the transformer switch on and generate (among others) the 50 Volts output. This 
causes the anti cheat relay to be activated (that is, when the safety contacts in the door and 
at the bottom of the machine are closed). 
An NO contact of the anti cheat relay keeps the circuit to the transformer closed. In this 
way, the machine remains supplied with current, until the anti cheat relay is deactivated 
again, by either a disruption of the energy supply, or by opening one of the safety contacts. 
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15-B Bally: Lock/anti cheat circuit 1966 - 1974 


In 1965, the total concept for building pinball machines was changed by Bally. One of the 
most important features was dropping the 100 Volts part. The anti 


cheat circuit, up till then part of the mains ceritdueat\/ hae 

circuit, also needed revision. Fig. 66 | SA 7 
shows the changes made. When the mains 2 ov * * 
supply is turned on, the transformer starts _ = 

to work immediately, and generates 6 Se BF AS 
Volts and 50 Volts. Because the anti cheat @ S ¢s Es: 
relay is still deactivated, the lamps in the = =3 Sj 
machine are not on yet (NO contacts anti = ea | oe bee hd ws 
cheat relay). When the bounce switches i srk TS me 1S 
on the door (near the coin chutes) and at i ~3 €3 EMS ly 
the bottom of the machine are closed, the > ae ot 
coin chute switches are supplied with ss 2 UES 
current. This prevents starting of the xe ths 


machine by means of kicking the door Fig. 66 Anti cheat 1966-1974 

hard to close the coin switches (that 

operate very lightly), since any kicking or hitting the machine would also open the anti 
cheat contact. When these contacts are at rest, and a game is started or the left flipper 
button is pressed, the anti cheat relay will be activated and will remain activated over its 
hold switch. Closing NO contacts of the anti cheat relay ensure that the machine is lit. 

The anti cheat relay remains activated, until the mains supply is cut off, or one of the 
security contacts opens. When the anti cheat relay is deactivated, an NC contact of that 
relay will trip the game over interlock relay and any game will be terminated. 


15-C Bally: Lock/anti cheat circuit 1974 - 1977 


In 1974 (from "Amigo"), a new safety circuit was applied. A second relay, the "delay" 
relay, was introduced. See fig. 67 for the diagram. When the pinball machine is switched 
on, the transformer starts to work immediately and - in its turn - activates the lock relay. 
Because this takes a relatively long time, the game over interlock relay will also trip over 
the NC contact of the lock relay. The NC contacts against kicking and hitting the 
machine, have been replaced by NO contacts. When one of these contacts (a parallel 
circuit consisting of NO contacts) closes, the delay relay will be activated. The relay coil 
will be connected in series, over its own NO contact, with a so-called "flashlamp" (seé 
chapter 4B). This will, of course, turn this lamp on. The generated heat will cause the 
thermal switch in that lamp to break contact after a few seconds. This will break the entire 
series circuit and will also deactivate the delay relay (just picture Christmas lighting: 
disconnect it at any place, and all the lamps will go out). As long as the delay relay will be 
activated, the lock relay is deactivated, and the coin chute circuit is without current. 
Opening NO contacts on the lock relay will cause the lights in the machine to go out. 
After the delay relay is deactivated, the lock relay is activated immediately. The lights go 
back on, and the machine is ready to start a new game. Because a (closing) NC contact of 
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Fig. 67 Anti cheat 1974 - 1977 


the deactivating lock relay has 
tripped the game over relay, 
switching on the machine will always 
happen in "game over" condition. 


15-D Bally: Tilt circuit, up to 
and including 1966 


Until 1966 "tilt" disqualified the 
current player for the rest of the 
game. Even when the end number 
matched, he would not receive a free 
game. This, of course, meant that 
every player should have a separate 
tilt relay mounted, as "memory", and 


also a relay that ended the game at the moment "tilt" occurred. Fig. 68 shows the circuit 


used. The hold relay is activated as soon 
as the player up unit advances one step 
(end of stroke contact closes), which is 
when the machine switches from the 
current player to the next. The hold 
relay remains activated over its NO 
contact. The coil of the hold relay is 
connected in series with a resistor of 15 
Ohms. Now, when one of the tilt 
contacts in the machine closes, the coil 
of the hold relay is bridged: we call this 
shorted out (chapter 7-C). 

The relay is deactivated, while the series 
resistor prevents a complete short out 
between O and 50 Volts. The resistor 
then works as "dead weight" to limit the 
current intensity. The deactivating hold 
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Fig. 68 Bally: tit up to and including 1966 


relay closes an NC contact, which connects the (4) tilt trip relay coils to the 50 Volts line. 
The other ends of these trip relay coils are connected to the outputs of the player up unit, 
which causes the tilt relay of the current player to trip. An NC contact of the trip relay in 
question protects its own coil. Many playfield objects (flippers, bumpers, counter contacts, 
etc.) are supplied with current over an NO contact of the hold relay. The deactivated hold 
relay thus breaks that current supply. When the ball winds up in the outhole, it will 
normally be deposited before the shooter (unless the game is over or all players are tilted). 
During the switching over to the next player, the player up unit will, through the closing of 
its end of stroke contact, activate the hold relay again. 
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15-E Bally: Tilt circuit 1966 - 1969 


The tilt circuit used during these years is identical to that of the previous years, with the 
tilt trip relay for each individual player left out. Now tilt only disqualified the current ball. 
An NC contact of the hold relay (closed when the relay is deactivated) turns on the "tilt" 
lamp. The way the hold relay in such a machine operates can be reasoned out easily: just 
start a game. Broken by the start relay, the hold relay is deactivated: "tilt" is lit, while the 
counters reset. After reset, when the first ball is deposited before the shooter, the player 
up unit will advance one step. This is perfectly audible. At the same moment the hold relay 
is activated again (end of stroke contact of the player up unit) and the "tilt" lamp will be 
off. 


15-F Bally: Tilt circuit 1969 - 1977 


The simplest tilt circuit: Closing one of the tilt switches will activate the tilt relay. The tilt 
relay will remain activated over its hold switch, and the (normally closed) NC contact of 
the ball return relay. In the first models that had this system built in ("Ballyhoo", Camelot", 
"Galahad", etc.), a double relay coil was used (two coils connected in series, one of which 
is bridged by an NC contact of the tilt relay) to activate the relay faster. 

In later models, this turned out to be unnecessary. The principle of rapidly activating 
relays, by means of a series coil, is a circuit identical to that of the flipper coil, and can be 
found frequently in machines built in those years. Fig. 69 shows the diagram of the tilt 
circuit, without the use of aforementioned series coil. . 


15-G Bally: Coin insertion security 1974 - 1977 


Rie During those years, a widely ; ~ 
Be FNS. used trick was inserting a 3|"% ty 
*ys coin with a piece of string oo8|H% 2°Sou 
s attached to it. By measuring i t ] 
: the length of | the string coin Peat A 
& exactly, the coin could be Gecats a 
Ny) held in position on the 
. insertion switch, keeping it 
>» closed. This made the credit e p ‘ 
my unit advance to the highest St & 
: possible number of free yj 
S games. To prevent _ this, Ny 
50V. Bally used the circuit shown %%&% - 
Fig. 69 Tilt 1069 - 1977 in fig. 70. The NO contacts Fig. 70 Coin chute security 


of the "coin chute relay", 
that cause the score motor to revolve, are only connected to neutral, when both insertion 
switches are at rest (NC contacts, connected in series). When the latter is not the case, the 
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score motor will not rotate and, consequently, no credits will be added. Because of this, it 
was no longer any use to keep the insertion switch closed. 


15-H Bally: Defects in the safety circuits 


a. 


Anti cheat (lock) 
not functioning; 
relay cannot be 
activated, even 
when operated 
manually 


Anti cheat (lock) 
relay is 
deactivated 
during game 
Machine does not 
tilt when plumb 
touches ring 


Malfunctioning transformer or broken mains supply cable, or 
circuit (SOV) fuse. Coil of the anti cheat (lock) relay 
malfunctioning: check whether 50 Volts of current is supplied to 
the lugs. The coil often looks burned out, but might still be 
operational. Before 1974: one of the stroke or bounce contacts 
does not close, or makes bad contact. These are mounted in the 
door and at the bottom of the machine, and should be closed in 
rest. After 1974: NC contact on the delay relay does not close, or 
is dirty. 

One or more stroke or bounce contacts hardly close(s), or are 
dirty. NO contact on the anti cheat relay does not close. 


End of stroke contact of player up unit (see chapter 5B) remains 
closed. NO contact on the hold relay does not open when the 
relay is deactivated. Dirt might cause the relay plate to stick to 
the coil. Clean and, where necessary, check relay spring. Tilt 
plumb, and/or contact ring are oxidised: sand them till they are 
clean and check them again. Also check the thin connecting wire 


_ to the tilt pendulum. 


. Machine stays on 


tilt 


Score motor does 
not rotate when 
coin is inserted 


One of the tilt contacts remains closed (roll tilt: ball remains at 
the end of the lane, tilt plumb lying against the ring. 

End of stroke contact of the player up unit does not close, or is 
dirtv. 

Resistor-on the hold relay malfunctioning: replace with 15 Ohms, 
5 Watts. 

NO contact on the hold relay does not close. 

Later models: NO contact on the tilt relay remains closed, or 
relay plate sticks to coil. 

Loose wire on one of the coin insertion switches. Coin chute 
switch remains activated. NO contact on the coin chute relay in 
question does not close. NC contact on the delay relay does not 
close, or is dirty. 
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16. Bally: Lighting circuits 


The lamps in a pinball machine are usually operated by very simple circuits. They often 
work directly over the NO contact of a relay (for instance "shoot again" and "on 
bumpers"). The lamps in the Bally models indicating the ball number and the current 
player, are controlled by wiper contacts and the contact plate of the ball count unit and the 
player up unit. The neutral connection to these wiper contacts runs over a SPDT ~ontact 
of the game over relay. When the machine is on "game over", the connection of neutral 
and the ball count and player up units is broken, turning off these lamps. The neutral is 
now connected to the "game over" lamp, and the wiper contact of the match unit, causing 
the latter to light one end number lamp. See also the diagram in fig. 71. 

Note: in machines built after 1971, neutral and the 6 Volts line are reversed: the contacts 
sensed out 6V, while all lamps are connected to neutral. It frequently happens that a lamp 
on the playfield is operated by an end of stroke contact, which means that, when a certain 
mechanism is operated, an NO contact closes, causing the lamp to go on (open gate, up 
post, etc.). The lamps which are always on are connected directly to 0 and 6V. 
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Fig. 71. Lighting circuit ball in play / match 


16-A Bally: Defects in the lighting circuits 


a. Alllampsonthe Check the fuses: "6V playfield" and "6V insert", and, above all, 
playfield or in the the fuse sockets. Bally is notorious for its bad fuse sockets, 
back box are off — which lose their spring in time and stop making contact or even 

break off. NO contacts on the anti cheat or lock relay do not 
close sufficiently, or are dirty. Plug connection between bottom 
plate and playfield or back box oxidised. | 
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b. One,lamp doesn't 
burn, but is not 
broken 


c. (Single) end 
number, ball in 
play, player up 
and/or ... can 
play lamps are 
off, or burning 
only weakly 

d. Lamp alternately 
burns bright and 
weak 


e. An entire group 
of lamps (usually 
close together) 
not lit 
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As described in the previous chapter, lamps are usually operated 
directly, often over a single NO contact, or over an end of stroke 
contact. Reason out which contact operates the lamp, and check 
operation or clean. Bad fitting: check whether fitting connection 
receives current. If that is the case, change the fitting. Bad plug 
connection to playfield or back box: sand off oxidation of plug 
pins. | 
Dirt on the contact plate or wiper contacts of the stepping unit in 
question. Clean and adjust wiper contacts, as described in 
chapter 9. Check the fitting of lamps in question, replace were 
needed. 


Bad (oxidised) or dirty fitting. It also occurs that the bottom end 
of the lamp is oxidised. Sand clean and test again. 

It often helps, too, to plate the bottom end of the lamp with 
soldering tin, enlarging the contact. 

Broken mass wire: follow the wire running past all these lamps 
and find the place were it's broken. This is usually a "blank" wire, 
stapled to the panel. Under such a staple a crack will sometimes 
occur. 


17. Williams counters: general information 


Up to and including 1963 ("Merry Widow"), Williams used large tin counters, but since 
1964 the more compact types with plastic counter wheels were used. In 1971, these were 
reduced even more in size (from "Goldrush", "Jackpot"). A counter in a pinball machine is 
actually nothing but a "continuous stepping unit", a revolving step relay. After each 
electric pulse on the solenoid, the unit advances one step, because the lever - sticking out 
of the solenoid - moves a ratchet. 
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Fig. 72 Williams drum unit 1963 Fig. 73 Counter contacts 1964-1977 


Where necessary, the counter contains a contact plate with wiper contact, connecting the 
common pole (C) to the output corresponding to the counter score. This could be seen as 
an NO contact. Each counter also contains a number of contacts: two "break at zero 
position", one "close at position 9", and one "end of stroke" contact (when the stroke of 
the mechanism is completed when the coil is activated, it is broken). The old tin counters 
have their contacts arranged as shown in fig. 72. Here, the tin number wheel and any 
contact plates are left out. In fig. 73 we see the contacts of the more recent counters. They 
are mounted on the bracket holding the solenoid in place. The highest decade (thousand or 
ten thousand) usually does not contain a "close at -9-" contact. The counters used after 
1963 also contain an end of stroke contact, mounted vertically before the solenoid, and 
operated by the switch lever. Because the dense construction of the old drum units (before 
1964) made it almost impossible to measure the presence of current, fig. 74 shows a 
connection table for the two types of counters: with and without wiper contacts. 


70 


PIN 


24 Voles 
SOLENOIO 
SOLENOIG se 


OPEN AT-O- 


OPEN AT-0- 

NR eae 
gre AK 

CLOSES AT -9- 

I CLOSES AT-9- 


NOT Cow MECTED 


m&@® ww we =~ 


¢ 


So oonN 


S 


Pinball Machine Maintenance 


pecs 
= 


24 Voles 
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Removing a counter goes as follows: In the 
older, tin counters, the entire counter rests 
between two metal brackets, fastened at 
bottom and top by a "hairpin" spmng. 
Pulling this spring to the side enables you 
to remove it. The counter can then be 
taken from the brackets. The plastic 
counters, used from 1964 through 1971, 
are kept in place by a spring plate at the 
bottom of the mounting plate. Press the 
curved front end of this spring plate 


UNIT downwards, and gently pull the counter 
|3 oureut | 4 oureurt | 6 
Dee y eee back. Some models (1964) have counters 
i 


Zoertet {8 Senet p Which are fastened to the mounting plate 
|G our Put — oo e rl by means of a wing screw. Loosen this 
r 


SOLDERING -SIDE 


WITH WIPER 
(COMMON ON FRAME ) 


_ Fig. 74 Connections drum units (up to and including 
1963) 


screw a few strokes and pull the counter 
back. Counters from the period after 1971 
(from "Goldrush") contain a piece of steel 
wiring - sticking out through the mounting 
plate - at the underside. Press this wire to 


the right and tilt the counter upwards. It can then be lifted from the machine. Note at re- 
assembly, that there is a fork-shaped projection at the top of the counter. The upper 
mounting edge of the counter bracket should fall exactly between the two teeth, after 
which the counter can be tilted downwards. Press the steel wire to the right again, after 


which the counter can be snapped into place. 


17-A Williams: Counters, adding 
oO 
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Fig. 75 Basic circuit counter 


The electric circuit for adding points has 
remained the same throughout the years. 
It is a very short and simple circuit. See 
the diagram in fig. 75. The targets on the 
playfield (NO contacts) activate the 1, 
10, 100 or 1000 points relay (in the 
diagram: 1 point relay). This relay 
remains activated over its hold switch, 
until one of the end of stroke contacts of 
the "1 point" counters is opened. 

In this way, the relay "waits" until the 
relatively slow counter has completed its 
stroke. An NO contact of the 1 point 
relay connects a wiper contact of the 


player up unit (in a 4-player machine) to neutral (in a 2-player machine this is an SPDT 
contact of the player up relay; in a single-player machine, the counter is operated directly 
by the NO contact of the control relay). The wiper contact on the player up unit connects 
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over the contact plate to the solenoid of the 1 point counter of the current player. The 
principle for adding 10, 100, or 1000 points works in the same way. The highest decade is 
operated in a different way, which I will discuss in chapter 17-B. 


17- B Williams counters: carrying over the decade 


When a counter passes the -9- position, it 
stands to reason that the next decade should 
carry over. This particular standard circuit, too, 
has always remained the same. See the diagram 
in fig. 76. The player up unit selects, by means 
of a wiper contact, the -9- position NO contact 
on the 1-9 counter of the current player. In a 2- 
player machine, this happens over a SPDT 
contact of the player up relay. When this 
contact is closed (and the counter therefore at - 
9-), an NO contact of the 1 point relay -- at the 
moment one point is scored -- will close the 
circuit to the coil of the 10 points relay. How 
this 10 points relay powers the 10 - 90 counter, 
is discussed in chapter 17-A. 

When the highest decade is carried over, there 

is one difference: this counter is not operated 

by a relay. The operation is shown in fig. 77. 

In this case, it is assumed that the thousands 

form the highest decade. An NO contact of the 

100 points relay connects a wiper contact of 
the player up unit to neutral. The output of the 

player up unit connects neutral to the -9- 

position contact of the current players 1000- 

9000 counter. When this -9- (NO) contact is 

closed, the neutral connection is passed to the 

solenoid of the current players 1000-9000 

counter. Since these counters are not operated 

by a relay, the end of stroke contacts are not 

included. 
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Fig. 77 Activating highest decade 
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17-C Williams counters: resetting to zero _ 


Williams is very attached to its standard systems, and they are not altered very often. This 
makes Williams pinball machines pleasant machines to repair. The zero reset circuit of the 
counters, too, has always remained the same. See fig. 78. During the start of a new game, 
the reset relay is activated through the coin relay (not shown in this diagram). The reset 
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Fig. 78 Reset circuit 


relay remains activated over its 
hold switch, as long as the neutral 
contact of at least one of the 
counters is closed and the score 
motor is not in its resting position 
(index cam = resting position 
contact). In models featuring a 
bonus unit (onwards from 
"Darling" and "Jubilee", 1973) the 
"open at zero" contact on the 
bonus unit, too, holds the reset 
relay in position. This is indicated 
in fig. 78 by a dotted line. Parallel 
to the reset relay are the 1-2-reset 
and 3-4 reset relays, but these are 
switched off and on rapidly by the 
5-impulse contacts of the score 
motor (5 and 5FWD, pulsing out of 


sync with each other). The NO contacts of these relays each activate one of the counter 
solenoids, that is, unless the neutral NC contact of that counter is opened (when the 
counter is at zero). In 1-player and 2-player machines this circuit is more limited: there is 
only one (score) reset relay, setting the counters to zero by means of pulses, according to 
the same principle. After completion of the reset cycle, when all counters are at zero, the 
reset relay will be deactivated, as soon as the score motor reaches its resting position. 
Now the machine is ready for the new game. See also chapter 18-A/B. 
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17-D Williams: defects in counters and reset circuit 


a. Counter is stuck 
between two 
digits 


b. 1, 10, 100 or 1000 
points relay is 
activated, but 
counter does not 
react 


This usually happens between the 9 and 0 position. It has a 
purely mechanical cause: the counter does not switch smoothly. 
Remove the counter from the panel. Tin counters from before 
1964: remove the tin wheel by removing the screws and the 
locking spring. When the counter contains a wiper contact, 
unscrew the contact plate as well. Check the springs in the 
mechanism, and clean all moving parts. Then grease them lightly 
(except for the plunger). Check whether the solenoid is firmly in 
position. When necessary, clean the contact plate. During re- 
assembly, take care that the tin "drum" is not restricted while 
rotating. Especially in counters containing a contact plate, the 
loom running from the counter mechanism to the connection 
strip can be in the way. 

For counters with a plastic number wheel, the procedure is as 
follows: Remove the locking spring from the central axle. 
Unscrew the plastic wheel. Loosen the spring of the locking pin 
(left) and push it away from the ratchet. Press the plunger into 
the solenoid, and pull the ratchet from the axle. If present, clean 
the contact plate, and clean the central axle. Grease the axle 
lightly. Clean the ratchet, on the inside as well. Re-assemble in 
reverse order. Unscrew the bracket holding the solenoid in place 
(2 screws). Pull the solenoid backwards, and clean the plunger. 
Clean the core of the solenoid (preferably using some contact 
spray). Clean the coil stop on the mounting bracket of the 
solenoid. Re-assemble. 

Check the counter solenoid. It can be tested by connecting the 
connection to the impulse wire (NOT the wire running past all 
counter coils) to neutral (it is usually yellow, and can be found on 
the upper neutral NC contacts of the counters). The coil should 
then be activated (when there is 24 Volts available). When the 
coil turns out to be OK, check the NO contacts on the control 
relay in question (1 point, 10 points, etc.). When necessary, place 
a small screwdriver cautiously between the blades of the (closed) 
NO contacts. If the counter works, clean the relay contacts and 
adjust them. Is the problem not to be found in the contacts, | 
check the player up unit: is the contact plate clean, do the wiper 

contacts make good contact, are all wires attached? Where 
necessary, clean the unit and adjust (chapter 9). 
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e. 


One or several 
counters do not 
reset 


All counters 
reach -0-, but the 
motor keeps 
running and the 
score reset relay | 
keeps ticking: 
game does not 
Start 


Counter solenoid 
immediately 
activated, and 
stays that way 


Counter "misses" 
now and then. 
During fast game 
points are 
sometimes not 
added 

Higher decade 
does not carry 
over after 9 
position 
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Check the operation of the middle and upper contact on the 
solenoid bracket for the counters in question. These should be 
open at the -0- position of the counter, and closed in any other 
position. Also check whether the wires on these contacts are still 
in place. Where necessary, clean contacts and adjust. When there 
is no problem with the aforementioned contacts, check the 
contacts on the score reset relay. When approximately half of the 
counters do not reset, check whether both score reset relays 
"tick". If not, check both 5-impulse contacts (SA and SFWD) on 
the score motor. 

One or more of the (upper) neutral NO contacts on the counters 
remains closed. Check this for each individual counter (Note: do 
not make the score motor rotate for more than approximately 1 
minute!). In machines featuring a “bonus unit" ("Darling’, 
"Jubilee", and later models), it is also possible that the neutral 
contact on the bonus unit (under the playfield) does not open. If 
the bonus unit itself refuses to reset, check the NO contacts on 
the reset relay, the bonus relay, and the 5-impulse contact on the 
score motor. 

One of the contacts on the playfield remains closed. Most 
probable cause: contacts behind rubber bands or rollovers on the 
playfield. Note! The counter solenoid can burn out, when it's 
activated for longer than approximately 30 seconds. Another 
possible cause is a closed NO contact on the control relay. (1 
point, 10 points, etc.). Also check operation of end of stroke 


~ contact of counter. 


The hold circuit of the control relay does not work. Check the 
end of stroke contact of the counter, but also that of the same 
digits for the other players. The contact should only open at the 
end of the stroke of the counter arm. 


Check operation of the -9- position NO contact on the counter. 
Fig 72 shows which contact this is in the old, tin, units. On the 
later counters (from 1964) this is the lowest of the three contacts 
mounted on the solenoid bracket. If they operate to satisfaction, 
and the wires are all firmly in place, check the operation of the 
NO contacts on the control relay of the decade the -9- passes. 
Where necessary, clean and adjust. Another possibility is a badly 
functioning player up unit (this only goes for 4-player machines - 
in 2-player machines it's the contacts on the player up relay -). 
Check contact plates and wiper contacts. Where necessary, clean 
(see also chapter 9). 
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17-E Williams counters: Replacing parts 


a. Replacing 
solenoid 


b. Renew plunger 
arm 


The old, tin, counters from before 1964: remove locking spring 
from the central axle of the number wheel. Remove the (3) 
screws, with which the counter wheel is fixed to the hub. 
Remove the counter wheel. Note: the wiper contact (when 
present) is deactivated. When a contact plate is present: unscrew 
the plate, and hang it by its wires outside of the unit. The 
mechanism is now completely open. Solder the wires loose from 
the solenoid, and remove the support from the back of the 
solenoid (2 screws). Lift the complete solenoid, together with the 
plunger, out of the counter frame. Mount new solenoid, and do 
not forget the plunger. Re-assemble in reverse order. 

The large (5 inch) plastic counters (1964-1971): remove the (2) 
screws of the metal bracket mounted to the coil. Lift the bracket 
backwards. Solder the wires loose from the coil, and pull it 
backwards, out of the way. Mount new solenoid and re-assemble 
in reverse order. 

The small plastic counters (1971 - 1977): unscrew the mounting 
plate at the back side of the solenoid by removing the (2) screws 
at the side of the counter frame. Solder the wires loose from the 
coil. Pull the coil backwards and mount a new one. Re-assemble 
in reverse order. | 

The old, tin, counters (till 1964): open the counter, as described 
under point a. Remove the solenoid. The step up arm can now be 
removed by lifting the hub from the central axle, unhooking the 
spring of the step up arm, and taking this from the axle as well. 
All later counters: remove the locking spring from the central 
axle of the counter wheel. Remove the (3) screws with which the 
wheel is mounted. remove the counter wheel. Press the plunger 
into the solenoid, and turn the hub in such a way, that the notch 
in the hub allows the hub to be lifted along the plunger arm. 
Loosen the spring from the plunger arm. Pull the entire arm out 
of the mechanism. The metal plunger is mounted to the arm by a 
locking pin: this can be struck loose using a so-called "punch". 
Re-assemble in reverse order. 


18. Willlams: Setting up a new game, one or more 


players 


Setting up a new game, whether this happens by inserting a coin, or using the credit 
button, sets a elaborate circuit in motion. Setting up the 294. 3rd, or 4th player is also 
incorporated into the system. When the machine is a single-player or 2-player machine, the 
circuits will remain the same, only without the parts having to do with additional players. 


76 


oren arg” 


Pinball Machine Maintenance 


Any coin unit in a 2-player machine 1s replaced by a so-called “interlock” relay (and player 
relay). 


18-A Williams: Setting up a new game: up to and including 1965 


Up to and including 1965 ("Big Chief"), Williams used a system with a heavy trip relay 
bank (see chapter 5D). See the diagram in fig. 79. Surprisingly Williams was already using 
a coin unit to select the amount of participants in the game. Other manufacturers did not 
apply this system till much later. The circuit operates as follows: The insertion 
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Fig. 79 Wiliams circuit for setting up a new game, up to and including 1965 


of a coin activates the coin relay, which remains activated over its hold switch, and will be 
deactivated when the game relay (and with it the entire relay bank) is latched, and motor 
contact 5 opens. Careful: this circuit operates on 110 Volts, which is a life-threatening 
current. Remove plug from wall socket during all repair work! When the free game button 
is operated, the replay relay will be activated, that is, when the game relay is tripped 
and/or the coin unit is not at its highest position (4 can play). There also should be free 
games registered (-0- position contact replay unit closed). The replay relay activates the 
coin relay, and keeps itself activated over its hold switch and the same circuit holding the 
coin relay. The aforementioned game relay is a trip relay that trips as soon as the first 
point in the game is scored. It therefore indicates that the game has begun. The coin relay 
causes the score motor to rotate (not shown). When the NO contact on motor cam 1 
closes, and the coin relay is activated, the player up unit (indicating the current player) will 
reset to "Ist player up". If we assume a new game has started, the following happens: The 
NO contact on motor cam 1 trips, over the (closed) NO contact of the coin relay and the 
tripped game relay (new game, which means that the game relay has been tripped during 
the previous game), the start trip relay. An NC contact belonging to that relay protects the 
trip coil. The start trip relay activates the start relay (normal relay). This remains activated 
over its hold switch and the resting position (index) NC contact of the motor. Do not get 
confused: the start trip relay and the start relay are two separate relays! The start trip relay 
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immediately causes the ball count unit to reset (this unit counts which ball is in play, and 
resets to "Ball 1 in play"). Over the closed zero position NC contact (NC contacts 
connected in series) of the score counters and/or the (closed) zero position NC contact of 
the ball count unit, the start relay activates the reset relay. After all counter contacts have 
been opened, this relay remains activated over its hold switch and motor contact 1. The 1- 
2 reset relay, and the 3-4 reset relay will pulse ("tick") over NO contacts of the reset relay 
and the 5-impulse contacts of the score motor (5A and SFWD). In chapter 17-C it is 
explained how this makes the score counters advance to the zero position. After all 
counters have reached zero, the reset relay is deactivated over motor contact 1. An SPDT 
contact of the reset relay now connects motor contact 3 to neutral. As soon as this motor 
contact (NO contact) closes, the coin unit will reset, over the closed NO contacts of the 
start and game relay (to "1 cah play"). An NO contact of the coin relay causes the total 
play meter to advance one step, when motor contact 3 closes, and simultaneously 
substracts one free game when the replay relay is activated (replay unit reset). Next, a 
(closed) NO contact of the start relay, over motor cam 5, and the now closed NO contact 
of the reset relay, activates the trip bank reset solenoid: all trip bank relays are latched. 
This is a 110 Volts circuit. The score motor rotates further over its index contact to its 
resting position. Once there, the reset relay is deactivated by the opening index NC 
contact. The reset cycle is now completed, the game can begin. If the coin switch is 
operated at this moment (or, as described earlier, a free game is used), the coin relay (and 
any replay relays) will be deactivated after one revolution of the score motor: the game 
relay is latched, and motor contact 5 breaks the hold circuit of the relay. The closing NO 
contact of motor cam 1 - over the closed NO contact of the coin relay and the closed side 
of the SPDT contact of the game relay - causes the coin unit to advance one step: for 
instance, from "1 can play" to "2 can play". When the game has begun, the first score will 


immediately trip the game relay. This ensures that the reset circuit will be activated again, 
when a coin is inserted, or a free game is used. 


18-B Williams: Setting up a new game: 1966 - 1977 
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Fig. 80 Williams setting up circuit 1966 - 1977 78 
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From 1966 on, the trip bank relay is not a steady fixture of every Williams pinball machine 
anymore. Only machines in which this bank was of use to the game itself; contained such a 
bank (for instance "Aces & Kings", Oxo", etc.). In these cases, it was used exclusively as 
"memory" for playfield objects. The system for setting up a new game was drastically 
changed. See fig. 80 for the diagram. In the first models this circuit was applied to, the 
part left from the dotted line was still operating on 110 Volts. These machines can be 
identified by the sticker saying: "Caution Line Voltage" at the inside of the coin chute 
door. Another way to identify these: in the models with 110 Volts, the coil of the coin 
relay is Z-35-4200, in the models with 24 Volts, this coil is Z-27-1000. This circuit 
operates as follows: 


Closing the coin switch activates the coin relay, which will remain activated over its hold 
switch, and motor contact 5. When the free game button is pressed (and it is connected to 
neutral over the closed index contact of the motor, and the (closed) NC contact of the 
reset relay), the circuit to the replay relay is broken (when "open at 0" contact of the 
replay unit is closed, and there are no 4 players competing yet). The 4th player break is 
bridged when the first ball has been played: ball-count or player up unit is not in resting 
position or game over relay is closed. The replay relay also remains activated over its hold 
switch and motor contact 5. The replay relay also activates the coin relay, through an NO 
contact. The coin relay will cause the score motor to rotate (not shown). When the game 
over interlock relay is tripped, the reset relay will be activated simultaneously, and will 
remain activated over its hold switch, broken when all score counters are at zero (zero NC 
contacts opened) and the score motor reaches its resting position (index contact opens). In 
machines featuring a bonus unit, the bonus reset also bridges this hold circuit (indicated by 
a dotted line). Parallel to the reset relay are the 1-2 score reset and 3-4 score reset relays, 
connected through the two 5-impulse contacts of the score motor: as long as the reset 
relay is activated, these relays tick to cause the score counters to step to 0 (chapter 17-C). 
As soon as the score motor contact 1 closes, while the coin relay is activated, the total 
play meter will advance one number; when the replay relay is also activated, the replay unit 
will go back one step: a free game is substracted from the register. Because the SPDT 
contact of the reset relay is switched over, the impulse of motor contact 1 also causes the 
coin unit to jump back to "1 can play", and the game over relay to latch, and the ball count 
unit to jump back to "player 1 up". Breaking motor contact 5 will deactivate the coin relay 
(and - eventually - the replay relay). The reset relay remains activated until all counters are 
at zero, and the score motor is in its resting position. The machine is then ready for the 
game: ball 1, player 1, 1 can play, counters at zero. When the coin relay is activated once 
more (possibly through the replay relay), the reset relay will not be activated, since the NO 
contact of the game over relay is open. Motor contact 1 will normally operate the total 
play meter and perhaps substract a free game, but - as the SPDT contact of the reset relay 
is not operated - the various units will not reset, but the coin unit will advance one step 
(from 1 can play to 2 can play). Motor contact 5 deactivates the coin relay, 'the score 
motor rotates further to its resting position and stops. An important point: the reset relay 
is activated by the coin relay when the machine is in game over position. What happens 
when, during the game - for instance when the third ball is in play - the coin relay is 
activated? To the right of the diagram we see how the coin relay, when the ball count unit 
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and/or the player up unit are not in their zero positions, causes the interlock relay to trip. 
Try this out: set up a new game during another game (not at ball 1, player 1). Game over 
will be lit, but since motor contact 1 instantly latches the game over relay during the start 
cycle, the light will soon be offagain. 


18-C Williams: Defects in the setting up circuit 


a. Coin chute Anti cheat contact (a sort of tilt contact) in the coin chute door 


and/or free game _ not closed. NO contact of the coin relay does not cause the score 
button do not motor to rotate. Bad connection between body and back box. 
react When it is just the free game button that is not working: score 


motor index contact not closed, NC contact on the reset relay 
not closing when the relay is in the off-position. Contact of the 
free game button dirty. Neutral NC contact of the replay unit 
stays open. Coin unit remains in highest position, or NC contact 
of that highest position does not close after reset. 

b. One or more Cause is usually a mechanical malfunction: dirt or a broken 

- units do not reset spring prevent the units from jumping smoothly to zero. Test 
manually: push in the plunger in the small coil. Clean the unit, as 
described in chapter 9. When there is an electric defect: motor 
contact 1 does not close, SPDT contact on the reset relay dirty, 


or malfunctioning. 
c. During start only NO contact on game over relay dirty, or not closing in trip 
one player is position. Check NO contact on coin relay. 


added, counters Hold switch of reset relay does not work. Bad connection 
donot reset and between body and back box. 

game over 

remains on 


19. Williams: Ball return, advancing ball/current 
player 


Until the end of 1964 (up to and including "Whoopee") the ball in Williams pinball 
machines had to be brought before the shooter manually. These were called "spoon" or 
"manually operated ball-lift" machines. These machines did not feature an outhole 
solenoid. A small wicket was placed in the throughway (running under the playfield). The 
wicket was activated by-a solenoid, which in its turn was activated through the NO 
contact, operated by the ball, before the wicket, but broken by the game over and reset 
relays (and the scan relay as well - this will be discussed further in chapter 20-A -). 
Advancing to the next ball/next player was quite complicated in these machines: a tilt 
disqualified the player in question for the remainder of the game. For this purpose a circuit 
was mounted, to skip that player when tilted. | 
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19-A Williams: Ball return, advancing current player, up to and including 
1964 


Fig. 81 shows the diagram for this circuit. Note: this applies to the so-called spoon 
machines, without ball return solenoid. The ball, rolling over the return rails, closes an NO 
contact, which immediately activates the outhole index relay. This relay remains activated 
over its hold switch, and is deactivated as soon as motor contact 2 is opened while the 
outhole relay is activated. Using this circuit ensures that the outhole relay is always 
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Fig. 81. Wiliams ball return / current player, up fo and including 1964 


activated long enough for all functions to be operated, even when the ball rolls away from 
the playfield, while the score motor is still rotating. The outhole index relay activates the 
outhole relay over an NO contact. This relay remains activated over its hold switch and 
motor contact 5. It causes the score motor (not shown) to rotate over another NO 
contact. The following reasoning explains the operation of the players advancing system 
best: suppose there are three players. Player 2 is tilted, player 1 is the current player. The 
closing NO contact of the outhole relay - over motor contact 2 (NO) and the off-position 
of the player reset relay - causes the player up unit to advance one step. The player up unit 
then designates player two as the current player (player 2 up). The NO contact of the 2nd 
tilt relay (connected to the output of the player unit) is, however, closed. When motor 
contact 3 closes, this will cause the player up unit to advance another step: player 3 is now 
designated as the current player (player 3 up). Because the NO contact of the 3rd tilt relay 
-connected to the output of the player unit - is open, the player unit will not be advancing 
any further. Now, when the ball winds up in the outhole again, the closing NO contact of 
the outhole relay - over a second wiper contact of the player unit - will connect output 3 
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of that unit with neutral. This output is connected to output 3 of the coin unit. Since there 
are 3 players in the game, the wiper contact of the coin unit will therefore designate that 
output and will be connected to neutral. This will activate the player reset relay, connected 
to that wiper contact, which then will remain activated over its hold switch as long as the 
outhole relay is activated. Over motor contact 1, the activated player reset relay will reset 
the player up unit: back to player 1 up. The impulse of motor contact 1 will flow over the 
contact plate of the coin unit, back to the (changed over) SPDT contact of the outhole 
relay, to latch the tilt interlock relay. Because a SPDT contact of the player reset relay is 
changed over, motor contact 2 will cause the ball count unit to advance one step. The 
player unit does not advance, but remains in its initial position (player 1 up). 

Now suppose, as a result of what happened before, player 3 is also tilted. After the Ist 
player's turn (the only player left), the following takes place: as soon as the outhole relay is 
activated, output 1 of the player unit will be connected to neutral (because the wiper 
contact of the player unit designates player 1 is up). Through the closed NO contacts of 
the 294 tilt and 3rd tilt relays, a direct connection is made to output 3 of the coin unit. 
This will immediately activate the player reset relay, causing the ball count unit to advance 
(next ball) and the player unit to reset (remain reset): player one is now the current player. 


19-B Williams: Ball return, advancing current player, 1965 - 1973 


From 1965 it all became a bit more simple: an automatic ball return (by the ball return 
solenoid); no disqualification for the remainder of the game after tilt. This system was 
maintained until the introduction of the "outhole bonus" (from "Jubilee", 1973). See fig. 
82 for the diagram. When the ball winds up in the outhole while the score motor is at rest, 
the outhole NO contact will activate the outhole relay. This relay will remain activated 
over its hold switch and motor contact 5. The outhole relay causes the score motor (not 
shown) to rotate. Over motor contact 2 (NO contact) and a closed NO contact of the 
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Fig. 82. Williams: ball return circuit 1965 - 1973 
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outhole relay, the ball return solenoid is momentarily activated: the ball is brought back 
before the shooter: An NO contact of the outhole relay, connected in series to an NO 
contact of the ball index relay (which is activated when points are scored during play), 
broken by an NC contact of the extra ball relay, connects two motor contacts to neutral. 
Motor contact 1 closes first: when player unit and coin unit are in an equal position (e.g. 
"player 3 up" and "3 can play"), the ball count unit will advance one.step: next ball comes 
into play. 

The end of stroke NO contact (closes during the stroke) of the ball count unit activates the 
player reset relay. This relay remains activated over its hold switch, until the score motor 
reaches its resting position (index contact opens). After motor contact 1, motor contact 2 
closes. Depending on the position of the player reset relay, this impulse causes the player 
unit to advance one step (next players turn) or to reset (back to the first player - this 
happens when the ball count unit has just stepped - ). When motor contact 3 opens, the 
ball index relay will be deactivated (because the parallel NC contact of the outhole relay is 
also open). This achieves the following: suppose the power of the ball return solenoid was 
momentarily insufficient to bring the ball before the shooter, or the ball - for whatever 
reason - drops back into the outhole: when the score motor reaches its resting position, 
the entire outhole cycle will begin again, but - because the ball index relay is now 
deactivated - neither the ball nor the current player will be advanced. As soon as points are 
scored in the game, the ball index relay will be activated again and remain activated until 
the next outhole cycle. 


19-C Williams: Ball return, advancing current player, 1973 - 1977 


In 1973 (from "Darling" and "Jubilee") the machines featured a bonus unit: after the ball 
was played, the accumulated bonus was added to the score. This usually happens by 
means of a "single step reset stepper" (Chapter 5-B). The player/ball changing system 
remained the same as the system used in 1965 - 1973 (fig. 82). Only the scanning on the 
Q ball in the outhole was changed, which 
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Fig. 83 Ball return/bonus outhole relay will then be activated over 
motor contact 6, and will remain activated over its hold switch and motor contact 5. Over 
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motor contact 6, the bonus unit - now at zero - will advance one step, through its own 
wiper contact and output 0 on its contact plate. An NC contact, now opened, of the 
outhole relay prevents the bonus relay from being activated again. Advancing the current 
player takes place as described in chapter 19-B, and is therefore not shown here. The ball 
return solenoid is activated over motor contact 4 and the closed NO contact of the outhole 
relay; the next ball is brought before the shooter. 


19-D Williams: Defects in the ball return circuit 


a. Ball does not 
return 


b. Player and ball 
number do not 
advance 


c. Designation of 
four players 
during single | 
game 


d. Ball number 
advances, but 
player up does 
not return to 
player 1 


e. Play does not 
begin with ball 1, 
player 1 or 1 can 


play 


Outhole NO contact is not closed by ball passing over it. NO 
contact(s) on the outhole relay dirty, or not closing. Machines 
featuring a bonus system: zero position NC contact at the ratchet 
of the bonus unit stays open. The so-called "spoon" machines: 
contact in return rails, NC contact scan or outhole relay. 

Dirty wipers or contact plate of the coin unit and/or player unit. 
Ball index relay will not be activated, or will not remain 
activated: check the contacts on the counter control relays (1, 
10, 100 points). When the ball index relay is immediately 
deactivated when the outhole relay is deactivated: check 
operation of motor contact 3 (NC contact). Dirty or 
malfunctioning contacts on the ball index or extra ball relays. 
SPDT contact on player reset relay malfunctioning. 

Bad contact on contact plates of player unit or coin unit: clean, 
and adjust wiper contacts. | 
Player reset relay will not be activated: “end of stroke" contact 
on ball count unit malfunctioning. When the ball count unit does 
not step up: motor contact 1 (NO contact), also test the coil of 
the ball count unit. 

All possibilities mentioned under c. Mechanical possibility: the 
player unit does not return smoothly. Check the springs 
(including the torsion spring on the middle axle) of the player 
unit. 

Check the operation of the SPDT contact on the player reset 
relay (NO side). 

Ball count unit, player unit and/or coin unit do not reset properly. 
Check the reset circuit (chapter 18). There is often, too, a 
mechanical cause: clean the units, and check the springs of that. 
unit. 
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20. Williams: End of game 


When the last players ball leaves the playfield, and winds up in the so-called outhole, a 
circuit is activated, setting the machine to "game over". Then the end numbers of the 
accumulated scores are compared to the lottery number, appearing in the window of the 
back box. When there is a match, a free game is awarded. In older models (up to and 
including "Whoopee", 1964), Williams used the "double match" system in the 2-player and 
4-player machines. When both (2-player machines) players or player 1 and 2, or 3 and 4 at 
a four player machine had the correct end number, five or ten (adjustable) free games were 
given. This meant that the end number circuit had to be extended significantly. This feature 
never did get popular, and no other brand has ever adopted this idea. 


-20-A Williams: End of game, up to and including 1964 


Fig. 84 shows the diagram of the extended end number and game over circuit used up to 
and including 1964 ("Whoopee"), featuring "double match". Since a player was totally 
disqualified when tilted, any correct end number would not be rewarded with a free game. 
This circuit operates as follows: When the last ball of the last player winds up in the 
outhole, the player reset relay will be activated, simultaneously with the outhole relay (see 
also chapter 19-A). When the ball count unit is in position 5 ("ball 5 in play"), as soon as 
motor contact 2 (NO contact) closes over the closed NO contact of the player reset relay, 
the scan relay will be activated. This could be set to happen after ball 3, by moving the 
"balls per player" adjusting plug. 

The scan relay will remain activated over its hold switch, and will be deactivated when the 
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Fig. 84. Game over and (double) match circuit, up to and including 1964 
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game over relay is tripped, and the score motor is in its resting position. That this can only 
happen after several revolutions of the score motor, will shortly be clear. The hold switch 
of the scan relay, connected to neutral, also connects the wiper contact of the match unit 
(end number lottery) to the neutral Volts line (when plug "match on" is set). The match 
unit is the "continuous stepping unit", that advances continuously during the game (usually 
when 1 or 10 points are scored), making the end number into a random number. The 
wiper contact of the match unit, connected to neutral, connects one output of its contact 
plate. This output (representing the final end number) is connected to the equally 
numbered outputs of each players score counters for 1-9 points. Note: the outputs on the 
match units are not connected in order. The ten positions of the match unit are the end 
numbers in the following order: 6-1-7-3-8-2-5-9-4-0. When a players 1-9 score unit is 
connected to the match unit position (correct end number) the wiper contact of that 1-9 
counter 1s then connected to neutral. These wiper contacts are connected, through the coin 
unit (which serves to ascertain that this player is actually competing), to the Ist- , gnd- 
3rd- and 4th- match trip relays. In short: as soon as the scan relay is activated, the match 
relays of every player with the correct end number will be activated. An NC contact on the 
scan relay turns off the wicket in the throughway: the ball will not be released (see fig. 81). 


Over an NO contact, the scan relay causes the score motor to rotate (not shown). As soon 
as motor contact 5 opens, the (still activated) outhole relay will be deactivated (see also 
chapter 19-A, and fig 81). Through the NC side (now closed) of the SPDT contact of the 
outhole relay, the double match relay (broken by tilt, game over, or reset) is tripped - that 
is, when Ist and 22d or 3rd and 4th match are tripped. Check the diagram for the parallel 
circuit of two sets of two NO contacts, connected in series. An NC contact of the double 
match relay protects it own trip coil. Suppose that the double match relay does not trip, as 
the players end numbers are not the same. A normal single game is given for each correct 
end number: through the (closed) NC contact of the outhole relay, motor contacts 1,2,3 
and 4 are connected to neutral. These contacts switch alternately, shortly after one 
another. When motor contact 1 closes, and the NO contact of the Ist match is closed 
(relay tripped, which means the end number of player 1 is correct), this impulse will travel 
through the closed side of the SPDT contact on the double match relay, through the 
closed NO contact of the scan relay, to the replay unit "step up" solenoid: one free game is 
added. When motor contact 2 closes, and 2"4 match is already tripped, this will be 
repeated. In the same way, motor contact 3 pulses for the third player, and 4 for the fourth 
player. Over motor contact 1 and a closed NO contact of the stan relay, too, the ball 
count unit advances one step, to position 6 (in a 5 ball game). When the double match 
relay is not tripped (NC contact closed), over the coftact plate of the ball count unit 
(output 6), the NO contact of motor cam 4 will cause the game over relay to trip. When 
the score motor reaches its resting position, the scan relay will be deactivated. The game is 
over, the machine is in "game over" condition. A "double match" situation totally differs: 
immediately after the outhole relay is deactivated, the double match relay ttips. Scanning 
the end number, as described before, will not come occur: the changed over SPDT contact 
of the double match relay connects the free game counter (through the scan relay) directly 
to the 5-impulse contact of the score motor: five free games are added. Simultaneously 
with the first free game, when motor contact 1 closes, the ball count unit advances one 
step, to position 6 (in a 5-ball game). Output 6, however, is broken by an NC contact of 
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the double match relay, which means that the game over relay cannot trip. This also 
prevents the scan relay from being deactivated when the motor reaches its resting position: 
the NC contact (still closed) of the game over relay bridges the score motor (0) index 
contact. So the motor just keeps on rotating (via the NO contact of the scan relay) and 
again the 5-impulses will add 5 free games, the total now being 10. Over motor contact 1 
and the closed NO contact of the scan relay, the ball count unit advances to position 7 (in 
a 5-ball game). This output is connected directly to the game over trip coil: when motor 
contact 4 closes, the game over relay will now trip. After this, when the motor reaches its 
resting position, the scan relay will be deactivated: the machine is in "game over" 
condition. 


20-B Williams: End of game, 1965 - 1977 


By discarding the disqualification when tilted, and the double match system -used before 
1965-, the game over and match system was drastically simplified. See the diagram in fig. 
85. This circuit operates as follows: When the last players last ball activates the outhole 
circuit (see chapter 19-B, fig. 82), the 
ball count unit will, over motor contact 


1, advance (to position 6 in a 5-ball a ae . : 
game), and the player reset relay will Oa ADJUSTHT BAL cat unt 
be activated by the end of stroke ot ane (0 PLLAL 
contact on the ball count unit. The ball 4GG, ns So O35 
count unit reaching the highest position ae ie 5¢ Lae 
trips the game over interlock relay Wisivawaias | ADs. 
immediately. An NC. contact of the VACA z$ 

lay switches off a | ACOA °° us 
game over relay switches off a large VAIZIE A PAZ, es 
part of the machine, including the PALA ALZL x 3¥ 82 
outhole relay, which ensures that no WALI 2 = ge S 
more balls are brought before the pemeetiCs = . 
shooter. The player reset relay remains A | of 6 
activated. Motor contact 2 connects sa ee — ei. 33 
the wiper contact of the first players 1- 
9 counter to neutral; motor contacts Fig. 85 Game over/match, 1965-1977 


3,4, and 5 do the same for player 2, 3 

and 4. The connection to those wiper contacts on the 1-9 counters is brought about over 
the contact plate of the coin unit: only when that player has actually competed. The 
matching outputs of the 1-9 score are connected to each other and to the (equal) output of 
the match unit. When the match unit is in the same position as one the score counters, the 
wiper contact of the match unit is connected to neutral. When the NO contacts of the 
player relay and the game over relay are both closed, the neutral impulse on, the wiper 
contact of the match unit will be connected to the "replay unit step up" solenoid: one free 
game is added. When the score motor reaches its resting position, the player reset relay 
will be deactivated. The score motor stops rotating, the machine is in "game over" 
condition. Note: the end number order on the match unit outputs is not normally 
ascending, and is as follows: 6, 1, 7, 3, 8, 2, 5, 9, 4, 0. In models from after 1971 (from 
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"Dipsy Doodle") a "dummy" zero has been added to the score. Everything concerning end 
numbers in the diagram must now be multiplied by ten: 10-90 score units, end numbers 60, 
10, 70, etcetera. 


20-C Williams: Other functions of the match unit 


Because the match unit changes position many times during the game (advances 
continually), it is eminently suited to control game features operating on chance. The most 
frequent is the so-called "change relay". A wiper contact, connected to neutral, of the 
match unit travels over a series of contact points, alternately connected to the coil of the 
change relay. This will cause the relay to be activated in all uneven positions (note: I am 
talking about positions, not end number!) of the match unit. The SPDT contacts of the 
change relay toggles certain features on the playfield: of, for instance, two bumpers, only 
one will be lit for 10 points. After the match unit had advanced, the feature will be 
toggled: the other bumper is lit. The match unit is also suited for more complicated 
features: objects that have to be activated once every ten times, or once every five times 
can be operated by corresponding positions of the match unit. 


20-D Williams: Defects in the game over/match circuit 


a. Machine gives Bad contact or dirt on contact plate of the ball count unit. NC 
out unlimited contact on the game over relay does not close in latch position. 
number of balls; 
does not go to 


game over 
b. Machines stays NC contact on the lock relay remains closed. Ball count unit 
on game over, and/or player unit do not reset: usually, the cause is dirt. Clean 


even after reset them and check the springs. Mechanism of game over interlock 
relay malfunctioning. 
Models up to and including 1964: check whether the trip bank 
relay is being reset, if not, check fuse at bank solenoid, NC 
contact on the reset relay and NO contact on the coin relay. 
c. End number Match on/off selection plug is in "off" position. Dirt or bad 
lottery not lit. No contact on contact plate and wiper contacts of the match unit. 
free game added Contacts on the game over interlock relay not working correctly. 


d. No free game When the machine never adds a free game (not even on scores or 
with special): limit contact on the replay unit remains open. Dirt on’ 
corresponding the contact plate of the match unit, or in the 1-9 score counters 
end number (after 1971:-1690 score counters). 


- NO contact on the player reset relay or SPDT contact on the 
game over relay (NO side) dirty, or not closing. 
e. Always the same Match unit‘not activated: solenoid on unit defect. Check springs 
end number on match unit. NO contact on the 1 point, 10 points or 100 
points relay dirty, or not closing. 
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21. Williams: The score free game circuit 


Technically speaking, there is only one simple circuit possible for creating a free game at a 
certain amount of points. This is the reason this circuit has remained the same over the 
years for all brands of pinball machines. Only the score counter limits have been changed: 
a maximum of 1999 points (up to and including "Oh, boy", 1964), of 9999 points (up to 
and including first series of "Dipsy Doodle", 1971), of 99990 points (up to and including 
"Blue Chip", 1976), and of 999990 points in the later models. The systems shown and 
discussed are the systems used in 4-player machines. For 1-player and 2-player machines 
the circuits are the same, without the player unit. 2-player machines feature a SPDT 
contact of the "2nd player" or "player up" relay in place of the player unit. 


21-A Williams: The score free game circuit, up to and including 1964 


Fig. 86 shows the oldest diagram: score up to 1999 points, three counters with a "1000 
points" trip relay. Here, the free game was set by two groups of plugs (red and blue) and a 
socket with 10 holes, numbered 100 up to and including 1000. A blue plug in one of these 
holes causes a free game to be added at the hundred corresponding to that hole. A red 
| plug in one of the holes causes a 
free game to be added at the value 
Se $$$ of that hole, increased by a 1000 
100 1000 ‘ : . 
See ky Se : _ points. The operation is very 
simple: the closing NO contact of 
the 100 points relay connects the 
wiper contact of the player unit to 
neutral; this happens at the moment 
a hundred points are scored. The 
output of the player unit connects 
that neutral signal to the wiper 
contact of the current players 100- 
900 counter. The counters output is 
connected to the set up socket: the 
neutral connection goes to the 
connection corresponding to the 
Fig. 86 Free game circuit, 1964 value of the counter score, plus one 
(counter output 4 to socket 5, etc.). When the particular socket has a blue plug inserted, 
the "replay unit step up" will be activated immediately, and a free game is added. When a 
red plug has been inserted in aforementioned socket, all outputs of the player unit, of 
which the corresponding 1000 points relay is tripped, will be connected to neutral. If the 
wiper contact of the player unit in fact designates a player (output) with a score above 
1000 points (NO contact 1000 trip relay closed) the replay unit step up solenoid is 
activated, and a free game is added. 
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21-B Williams: Score free game circuit. 1964 - 1977 


The free game system in the later models always works in the same way: the two highest 
decades control the free game circuit: up to and including 1970 ("Aces & Kings") the 100- 
900 and the 1000-9000 counters, from 1970 through 1976 (Space Mission") the 1000- 
9000 and the 10000-90000 
counters,in the later 
electromechanical models the 
10000-90000 and 100000- 
900000 ___ counters. The 
diagram is shown in fig. 87. 
The hundreds and thousands 
counters are indicated, but 
from the previous it ought to 
be clear which counters they 
indicate in your pinball 
machine. The wiper contact 
of the player unit connects, 
through its contact plate, the 
current players wiper contact 
of the 100-900 counter to 
neutral. The counter's output 
Fig. 87 Free game circuit Wiliams 1964-1977 is connected to the selection 
socket, one position higher: 
output 6 to socket 7, etcetera. When this socket had a plug inserted, the output of all 
players corresponding to that thousand value is connected to neutral. The wiper contacts 
of the 1000-9000 counters are each connected to the output of the player unit belonging 
to that player. When the wiper contact of the player unit also designates that player (the 
current player), the neutral Volts signal is passed: as soon as the NO contact on the 100 
points relay closes, the replay unit step up is activated (through the closed NC contact of 
the game over relay). A free game is added. This (and every other free game circuit) is 
only broken by the limit contact of the free game counter. 
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21-C Williams: Defects in the score free game circuit 


a. Machine does not If this also does not happen at "special" or coin insertion: limit 
add free game contact (the contact that opens when the maximum amount of 
free games has been reached) on replay unit remains open. This 
contact is the bottom contact of the contacts mounted next to the 
ratchet of the replay unit. 
When free games are added on "special" or coin insertion, but 
not on scores: dirt, or bad contact of the wiper contact and 
contact plate player unit. NO contact 100(0) points relay (later 
models 1976 - 1977: 10000 points relay). Check whether 
selection plugs are inserted correctly. When one player receives 
no free game, but others do: wiper contact on player unit dirty, 
or dirt in 100(0)/1000(0) counter. 
b. Free game atthe Selection plug for free game scores not inserted correctly. Loose 


wrong scores hanging plugs connect with other wiring. 

c. Machine often Mechanical malfunction: spiral spring at the side of the ratchet of 
adds two free the replay unit not taut enough. This can be tightened one 
games at the quarter stroke or a half stroke by moving the part sticking into 
same time the ratchet one or more "spokes", against the direction of the 


spring. Electric possibility: dirt or badly adjusted NO contact on 
the 100(0) points relay. 


22. Williams: Safety circuits 


All pinball machines have various safety circuits built in, of which "tilt" is - of course - the 
best known. The safety features are to 
protect against players shaking and 
pushing the machine, but also against 
manipulation of the machine and against 
power breakdowns. 


22-A Williams: Lock circuit, up to 
and including 1967 


Lock RE 


The lock circuit protects the pinball 
machine against failure of the mains 
supply, and also against overly rough 
usage of the machine (Kicking and 
banging against the bottom of the 
machine). The way this circuit (used up 
to and including 1967) operates, is 
shown in fig. 88. When the machine is 
switched on, nothing happens yet; the 


Fig. 88 Williams lock circuit, through 1967 
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transformer receives no current, the NO contacts of the coin relay, the lock relay and the 
left flipper button are all still open. Since the coin insertion system is connected directly to 
the mains supply, it, however, is ready to function (see chapter 18-A). When the left 
flipper button is pressed, or the coin relay is activated (by coin insertion or using a free 
game), the mains current is connected to the transformer. The transformer, in turn, 
immediately supplies the output side with 24 Volts. This will activate the lock relay. A 
(double) NO contact of the lock relay will maintain the supply of current, even after the 
coin relay or the left flipper button have been deactivated. As long as the transformer is 
activated, the lock relay will maintain current on the coil. Only when the -. normally 
closed - "kick off" contact on the bottom of the machine is opened, the lock relay will be 
deactivated prematurely and break the supply of current to the transformer. An NC 
contact of the lock relay will cause the game over relay to trip. When the current is put 
back on, the game over relay will therefore be activated simultaneously with the lock 
relay: the game 1s always started from "game over" condition, and the current game will be 
ended directly this way. The overall lighting of the pinball machine will remain off as long 
as the lock relay is deactivated, since the transformer is not working and thus not 
supplying 6 Volts (lighting current) to the output side. 


22-B Williams: Lock circuit 1967 - 1977 


Because the 1 10 Volts coin circuit was discarded in 1967, the lock circuit had to change 
with it. Fig. 89 shows how this was 

ge Be (SAmp done. The current activates the 

transformer directly, which means 
that 24 Volts is supplied 
immediately. The lock relay will not 
be activated, because motor contact 
5, the left flipper button, and the 


an 

< 
PLAYFIELD 
LIVES. : 


nr 

= Me NO contact of the lock relay are 

ee open. The coin system, connected 

J x* directly to 24 Volts, is ready for 
& use. When the left flipper button is 


pressed, or when the rotating score 
motor closes contact 5 (which 
happens when a coin is inserted, or 
when the game is started with a free 
game), the lock relay is activated, 
and remains activated over its own 
Fig. 89 lock circuit 1976 - 1977 NO contact. Only opening the kick 
off (anti kick) contact on the 
bottom of the machine or disruption of the mains supply will deactivate the lock relay. 
When the lock relay is deactivated, the game over interlock relay will trip immediately 
over an NC contact of the lock relay. The lighting of the machine is supplied over (2) NO 
contacts of the lock relay. As soon as the lock relay is deactivated, the machine is dark. 
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22-C Williams: Tilt circuit, up to and including 1964 


Until 1964, the penalty for tilt was disqualification of the player in question for the 
remainder of the game. This, of course, made it necessary that a tilt relay was mounted for 
every player. These relays we find on the trip relay bank. There was also a need for a 
separate tilt relay to stop the game the moment the machine was tilted, and that switched 
the game on, when it was the following players turn. Fig. 90 shows the diagram of the 

circuit used. When a tilt contact is 

closed, the tilt interlock relay (not 


g Reset GAME rut | the trip bank relay!) trips. An NO 

. e en contact of the tilt relay closes 

Tt 5 iS d connects (4) tilt nie relay 
. ty y an 

Sas ST KYA coils (on the relay bank) to the 24 
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nay RN N takes away the current from part 


, of the machine: flippers, bumpers 
Fig. 90 Williams tilt, through 1964 and counters are all deactivated. 
When the ball returns to the 
outhole, the following happens: when only one player can play, the signal of motor contact 
1 is broken, nothing happens when the outhole relay is activated and the game iS Over. 
When there is more than one player, the signal of motor contact 1, through the closed NC 
contacts of the 294, 3rd and 4th tilt relay (trip bank), respectively, which are connected 
_ through the coin unit to the - now closed - SPDT contact of the outhole relay (when the 
player in question is competing in the game) will cause the tilt relay latch coil to be 
activated: the tilt interlock relay will return to its latch position. This will restart the game. 
Also when a new game is started, the tilt interlock relay will latch. The circuit then runs as 
follows: NO contact 1 score motor; NO contact coin relay; (closed) NC side SPDT 
contact player reset relay, (closed) NC side SPDT contact outhole relay; to the latch coil 
of the tilt interlock relay. 
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22-D Williams: Tilt circuit, 1965 - 1977 
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Fig. 91 Tilt circuit 1965 - 1977 


From 1965 on the tilt circuit became very 
simple: it became unnecessary to register tilt 
for each individual player; the tilt 
disqualification was discarded: only the current 
ball was disqualified from further scoring. Fig. 
91 shows the diagram. This is a very short 
circuit, and there is nothing much we can say 
about it. The tilt contacts are all NO contacts 
(vibration contacts, plumb against contact ring, 
and often a small tube filled with mercury and 
with two electrodes attached). As soon as one 
of the tilt contacts closes, the tilt relay will be 
activated, and remain activated over its hold 
switch, An NC contact on the tilt relay 
switches off the game (not shown). An NC 


contact of the outhole relay deactivates the tilt relay again. In short: as soon as the ball 
leaves the playfield and winds up in the outhole, tilt will be deactivated again. 


22-E Williams: Safety circuit coin insertion 
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Fig. 92 Coin security 
the end of the credit adding cycle (not shown). To realise the credit adding cycle, the score 
motor has to start rotating. In fact, the score motor is operated by a NO contact of the 
quarter relay, but the NO contact is only connected to neutral when the quarter coin 
contact is back in its resting position. In short: closing the coin contact activates the 


Until 1967 Williams hardly took any action 
to protect its coin insertion systems: the 
coin contacts were broken by the so-called 
"anti cheat" contacts: a vibration contact in 
the coin chute door. An NC "hit" contact 
on the bottom of the machine switched off 
the entire machine (see lock circuit, chapter 
22-A). In those years, a widely used trick 
consisted of lowering a quarter, with a 
piece of string attached to it, down the 
chute. By resting the coin on the coin 
switch, this caused the replay unit to 
advance to its highest position. In reaction 
to this, the coin circuit was improved, as 
shown in fig. 92. Now, keeping the coin 
switch closed had no more effect. As soon 
as the coin switch closes, the quarter relay 
is activated and will remain activated until 
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quarter relay, and deactivating the coin contact starts the completion of the coin insertion 
cycle. ’ 


22-F Williams: Defects in the safety circuits 


a. 


Lock does not 
work. Relay 
cannot be 
activated, even 
when operated 
manually 
Lock relay is 
deactivated 
during game 


Machine will not 
be tilted, even 
when the plumb 
hits the ring 


- Models from 


before 1965: tilt 
occurs, but 
players tilt lamp 
is not lit, next ball. 
comes anyway 
Machine stays 
tilted 


Score motor does 
not rotate when 
coin is inserted 


Malfunctioning transformer or blown mains line fuse, or 24 Volts 
fuse. Coil of the lock relay could be out of order: check whether 
the connections are receiving current. The coil can often look as 
if it is burned out, but might still be functional. Broken anti cheat 
contact on bottom of the machine. 


NC contact on bottom of machine (anti cheat switch) does not 
close sufficiently, or is dirty. NO contacts of the lock relay do 
not close sufficiently, or are dirty. Check whether the mains 
supply is constant: no break in the cable, or loose wire in the 
mains plug. 

NC contact of the outhole relay does not close in resting 
position, or is dirty. Tilt plumb and/or contact ring dirty, or 
oxidised: sand clean and test again. Also check the thin 
connecting wire to the tilt pendulum. 

The Ist, 2nd, 3rd and 4th tilt trip relay (on the relay bank) not 
activated: not closing or dirty NO contact on the tilt interlock 
relay. Dirty contact plate or wiper contact on the player unit. If 
this happens only to one player: NO contact on the tilt trip relay 
belonging to that player remains open. 


One or several tilt contacts remain closed (roll tilt ball stays at 
the end of the rails, tilt plumb hangs against ring). NC contact on 
the outhole relay does not open. Older models (from before 
1965): SPDT contact on the outhole relay malfunctioning. 
Closed NO contact on the tilt relay (does not open in resting 
position). 

Loose wire on the quarter switch. Coin switch remains activated. 
NC side of coin switch (SPDT switch) not closing, or is dirty. 


23. Williams: Lighting circuits 


The lamps in pinball machines are usually operated by simple, short circuits. Often, a lamp 
is controlled directly by a NO contact on a relay, or an end of stroke NO contact on a 
mechanism. The lighting groups on the playfield and in the back box are protected by 
separate fuses: 6V playfield and 6V insert fuses. The basic circuit for lighting in Williams 
machines (all construction dates) is shown in fig. 92. The most important points: the game 
over relay breaks the 6 Volts line for the player up lamps, since there is no need to indicate 
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the current player when the game is over. When the game over relay trips, the "game 
over" lamp is supplied with current and, when the match on/off plug is inserted in the "on" 
position, the (ten) end number lottery lamps are also supplied with current. The wiper 
contact of the match unit selects one output: the lamp connected to it will be lit. The "ball 
in play" lamps are constantly supplied with 6 Volts, the lamps of ball 4 and 5 only when 
the machine has been set up for a 5 ball game. Here, too, neutral is selected by a wiper 
contact (of the ball count unit). Why are the lamps of the fourth and fifth ball disconnected 
when a three ball game has been set up? You can look this up in chapter 20: a Williams 
machine set up for a three ball game, uses the position 4 (and sometimes 5) of the ball 
count unit for the match (end number lottery). To prevent the ball 4 lamp to go on during 
the end number lottery, it was disconnected. For the playfield, the following goes: all 
lamps indicating a certain feature (for instance, "100 points when lit") will go out when the 
machine is tilted. The NC side of a SPDT contact of the tilt relay switches off the 6 Volts 
to these lamps. The NO side of that SPDT contact turns on the lamp "tilt". The lamps 


supplying the overall lighting are connected directly between the neutral and 6 Volts line, 
all parallel. 
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Fig. 92 Williams lighting, basic circuit 
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23-A Williams: Defects in the lighting circuits 


a. Alllampsonthe Check the fuses: 6 Volts playfield and 6 Volts insert, as well as 
playfield or in the the fuse sockets. 
back box are off | NO contacts on the lock relay not closing, or dirty. When the 

lock relay cannot be activated: see chapter 22-F. Plug 
connections between bottom panel and back box or playfield 
might be oxidised. Sand clean and test again. 

b. One lamp is not As I mentioned earlier: lamps are usually operated more or less 
lit, but is not directly: often over a single NO contact or an end of stroke 
broken contact. Reason out which contact (relay) operates the lamp, 

check it, clean it and adjust. Bad fitting could also be a reason: 
check whether the fitting is receiving current, if this is the case, 
replace fitting. Bad (oxidised) plug connection to the panel on 
which the lamp is mounted. 

c. (Single) end Dirt, or bad contact on contact plate and wiper contacts of the 
number, ballin stepping unit in question. Clean the contact plate and wiper 
play, player up contacts, and adjust them as described in chapter 9. Oxidised 
and/or ... can fittings also occur. It often helps to spray them with contact 
play lamps not lit, spray, and to sand the bottom side of the lamp. 
or weakly lit. 

d. Lamp alternately Bad or dirty fitting. The bottom side of the lamp might be 
burning weakly _—_ oxidised. Sand clean and test again. 
or brightly 

e. A group oflamps Broken mass wire. Follow the wire running past all these lamps 
(often together) and find the break. This is usually a blank wire, stapled down. 
not lit Under such a staple, a break can often occur. 

When the lamps are feature lamps: badly adjusted or dirty NC 
contact on the tilt or game over relays. 


24. Gottlieb: Counters, general information 


Up to and including 1966 ("Subway") Gottlieb used large tin counters, the same Williams 
used until 1963. From "Dancing Lady" (December 1966), the so-called "decagon unit" 
was used for the counters. Apart from some small changes this counter, operating 
according to a unique principle, was used till the last electromechanical pinball machine 
rolled off the assembly line in 1978. A counter decade in a pinball machine is actually 
nothing but a “continuous stepping unit". After each electrical impulse on the solenoid, the 
unit advances one step. Where necessary, the counter contains a contact plate with wiper 
contact, connecting the common connection (C) to the output corresponding to the 
counter score: this could be seen as a series of ten NO contacts. Every counter also 
features some normal contacts: an end of stroke NC contact, zero position contacts, and a 
9 position contact. For the zero contacts the following goes: in all models until 1975, 
these are two zero NO contacts, which means they are open at the zero position. From 
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"Fast Draw" (1975) a 0 NO contact and a zero NC contact were used, one of these is now 
closed in zero position, the other open. But let us talk about the old tin counter. Because 
the design is identical to that of Williams, I refer the reader to fig. 72 for the drawing, and 
<— to fig. 74 for the 
connection table. The 
"decagon unit," 


ORIVE RACK mena 0 SPRING 


PLUNGER 


© 
iS a ' introduced at the end of 
wy 1966, . signified a 
i completely new concept 
for the counter 
An NUMBERED mechanism. A _ high 


WHEEL ; 
quality counter - 


compactly built- with a 
SIDE 10 sided number wheel 
(which meant that the 
number was always 
displayed on a flat 
surface - which looked 
better). The drive is very 
Rack special: fig. 93 will shed 
Fig. 93 Principle of the decagon unit some light on this. When 
the solenoid is powered, 
the gliding "drive rack" and the teeth on it, are moved to the left. This will cause the, 
toothed, nylon drum to turn anti-clockwise. The number of teeth and the stroke length are 
calculated to make the drum perform one tenth of a revolution. When the current to the 
solenoid is broken, the drive rack will be shifted to the right again by a spring. This will 
also cause the drum to perform a stroke backwards, clockwise in relation to its starting 
point. The top of the bus is supplied with ten gradually sloping teeth. The bottom of the 
number wheel also has ten of these teeth, which are pressed to the nylon drum by a spring. 
The top of the number wheel has ten teeth as well, which are engaged by a leaf spring to 
prevent it from turning anti-clockwise. During the drive racks pulling-in stroke, the teeth 
of the nylon drum will slip under the teeth of the number wheel (which cannot turn anti- 
clockwise). The nylon drum turns one tooth with respect to the number wheel. When the 
solenoid lets go, the drum, now turning in the reverse direction, will take along the 
number wheel, since the raised flanks of the teeth are pressed together. This will make the 
number wheel perform one tenth of a stroke, and advance one digit. This special 
construction makes the decagon unit the most silent counter known. I have discussed the 
various contacts in the decagon unit before: the zero and nine position contacts are 
‘mounted above each other and are operated by a small iron lever. Before the solenoid, the 
end of stroke contact is mounted. The contact is operated by the drive rack. Where 
needed, the unit has a wiper contact with a contact plate mounted. 'The common 
connector (C) and the outputs 0 through 9 are indicated clearly on the side of the unit. 


etaes, 


98 


Pinball Machine Maintenance 


24-A Gottlieb counters: Adding 


The circuit for keeping the score always includes a part that selects the current player. 
This will ensure that the score signal will be sent to the counter coil of the right player (the 
current player). The way the player is selected forms the difference in control for the 
various construction dates. Up to and including 1966, every player had a "scoring control" 
relay, which was driven by the player unit: the circuit for keeping the score of the current 
player was activated. Gottlieb does not refer to this circuit by a name, but by a letter code. 
The circuits for keeping the scores of the 1st, 2nd, 3rd and 4th player are AA, BX, CC and 
DD, respectively. Unfortunately in some models the circuit letter codings differ. Do not 
automatically assume that the circuits in your machine have the same codes as shown in 
the diagrams used as an example. To clarify this the name of the circuit in question is 
always given in the examples. From 1967 onwards a new kind of player unit was used. To 
the axle of this unit (in this case a continuous stepping unit) a switch wheels unit was 
linked up, which alternately lifts up four sets of contacts: each set. corresponds to one 
player. In appendix 3 this unit is explained. The adding circuit for the counters remained 
the same for all construction years, see Fig. 94. After 1967 the contacts for the scoring 
control relay became the contacts for the player unit, which are denoted as P1 , P2, P3 and 
P4 for the corresponding players. The remarkable thing in the functioning of a Gottlieb 
machine is that the playfield scoring contacts work only when the scoring motor is in the 


0 
.. HOLD. START Game 2] AA PPLAVER Scopiac, 
Ret) — REGE) re *) : Sy Bx227 we nw N 
- Q yy $ Co 23% i oe ge $ 
mS e 2 _ | ODs$oun ee g 
‘ ~~ py, 8 
a We 
S Pe By ~ 
we eg “N\ 
3 2 a ae + ee em 
< us * FP ay] @] eg 21 &}z]s 
5 128 scearsw| Oo — yt’ 
w we é < xT UT 49 Sm Ker YU 
~w 
e Ot : ~~ 
ie x {Opts scone x w.! y 
~f MY : . WS -| @&g ©. 
. ‘e C%L gf wl $3 Sos] Sa] gs 
cs ® ys} BE uy Si ot 45 
SN ~ ] eel SS) Sa) 85) 0 Se] ysl gs 
S57 y52} ag] et Sea Pa ee 
kK R SL SPwaS] eo VOT Kas] es vss 
2, 32 STO mC ECEC SOIC 
eS su SHOMOEOIP Wo lis 
a Qe 2 RSS > .& st NO ke t ASE ARO 
+ & Oy ass 2 . : & Q « 
25V ~ ~ N 0% VY ~ Ny 


Fig. 94 Gottlieb: basic circuit adding (part) 


"rest" position (and motor contact 1C is closed.) When - for instance -- a 1 point score 
contact is closed, the 1 point relay (N) is activated. This relay remains activated over its 
hold switch, and the closed end of stroke contacts of the 0 to 9 points score units. If one 
of these contacts opens (NC contacts switched into series) the hold circuit of the 1 point 
relay will be discontinued. Over a NO switch of relay N (a 1 point relay) and the closed 
NO switch of a (activated) score control relay (AA, BX, CC or DD) the solenoid of the 0 
to 9 point score counter is activated for the current player. In the types equipped with a 
switch wheels unit on the player unit this circuit runs over the make contacts P1, P2, P3 
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and P4 of the switch wheels unit. From what we mentioned above we can therefore 
conclude that the 1 point relay remains activated, until the score counter has fully 
concluded its task. In this way it is made sure that whenever a contact on the playfield is 
closed very briefly, the counter stills adds on correctly, and does not fail or malfunction 
because of the very brief impulse, or ends up between two scores. The operation of the 
other decades is completely identical. In one player machines the contacts for the player 
unit and the score control relay are obviously absent in this circuit. In one or two player 
machines everything relating to the (2nd) 3rd and 4th player is also absent. 


24-B. Gottlieb Score Counters: Carrying over decade 


When a counter passes the 9- position it stands to reason that the next decade should carry 
over. The standard circuit for the old, tin counters (until 1966) differs from the decagon 
units (onwards from “Dancing Lady", 1967). First the old circuit: Fig. 95 shows the 
diagram. A wiper of the player unit connects the 
9 point position switch of the score counter (in 
this case the 0 to 9 point unit) of the current 
player to neutral. If the 9 point position NO 
switch 1s closed, then as soon as the NO switch 
of the (in this case) 1 point relay (N) closes, the 
10 point relay will be activated. This will 
advance the 10 point counter one position. The 
circuit for carrying over the next decades is 
identical. When the decagon unit was introduced Fig. 9 
in 1967 the carrying over circuit was changed. | 
The decagon unit has a second end of stroke contact: when the counter mechanism is 
switched on completely, not only will the NC switch open to set free the hold circuit (see 
Chapter 24-A), but also close another NO switch. Figure 96 shows how this works. As 
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Fig. 96 Carrying over decade 1976-1978 (in this case) 100 points relay (M), 
which causes the 100 to 900 to be carried over. But what happens when the machine 
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resets, at the start of a new game? All counters then run forward to the 0 position, and 
therefore pass the 9 position. As can be seen in Figure 96, the carrying over circuit is 
supplied by the 0 Volts line which is interrupted by (among others) relay SB: The starting 
up relay. During the start (reset) cycle this circuit therefore holds no electrical charge. The 
carrying over of the higher decades works completely identical to the afore mentioned. 
However, in one or two player machines everything relating to the (2nd) 3rd or fourth 
player is of course not present. | 


24-C Gottlieb Counters: Reset 


Bringing back the score counters to zero, the so called "resetting" is a system which has 
been altered several times in the course of the years. The diagrams will be dealt with in 
chronological order. Note: this only concerns the reverse shift of the score counters, 
starting up a new game is a complex matter which will be looked into further in Chapter 
25. First, the oldest system. This was used in machines without switch wheels in the player 
unit, in other words machines with a “balls played unit", which controlled the score control 
| relays (AA, BX, CC and 
DD). Figure 97 shows how 
this circuit worked. As a 
matter of fact this is the 
simplest reset system: 
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(closed) NO switches of 

Fig. 97 Counter reset -1967 relays Dl and D2 these 

pulses are transmitted to 0 

NC switches of the diverse counters. If one of those counters is not on zero, (thus 0 NC 

switch 1s closed) the pulses are transmitted to the counter solenoid, which causes this one 

to step up until all counters are in the 0 position. If eventually all counters have reached 

the 0 position, the two reset relays (D1 and D2) fall free, and the reset cycle has ended. In 

1967, when the machines with the new player unit (with switch wheels) were introduced 
(from "High Score" onwards), the reset system was also changed. 
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This system was used until 1975 (up till "Super Soccer"). Resetting took place in two, 
separately working, groups. The operation is as follows: When starting up a new game, 
the starting relay (SB) trips. A NO switch of the starting relay causes the following to 
happen: If points are registered for the 3rd and/or 4th player, the 3+4 reset relay (Z3) 
activates over the closed 0 NO switches of those counters. A NC switch of relay Z3 
prevents the activating of the other two reset relays (Z1 and Z2). Only those counters 
which receive the impulses from motor contacts 4A and 1A over the NO switches of Z3, 
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Fig. 98 Gottlieb counter reset circuit 1975 - 1978 
will advance to the 0 position. These will generally be the four counters of the 4th player, 
and two of the 3rd player. When all these counters have reached the 0 position, the 3+4 
reset relay will drop off. By means of the now closed NC switches of this relay (Z3), and 
the closed 0 NO switches of the counters for players 2 and 3, the 2 + 3 reset relay (Z2) 
will be activated. An NC switch of relay Z2 prevents the activating of relay Z1. Now all 
counters, which are linked by means of a NO switch of relay Z2 to the motor pulses (and 
its own 0 NC switch) run on to the 0 position. This concerns all (4) counters for the 2nd 
player, and the two counters for the 3rd player which have not been reset by means of 
relay Z3. When all counters have reached the 0 position, the 2+ 3 reset relay (Z2) will be 
activated. Over the (now closed) NC switch of relay Z2 and the closed 0 NO switch of the 
counters of the Ist player, the "1st reset" relay Z1 will be activated. The counters of the 
Ist player will now run on to the 0 position in the same manner. When all counters have 
reached the 0 position this relay Z1 will also be activated. The reset cycle has then been 
completed. In 1975 (starting from "Fast Draw"), Gottlieb no longer used a trip relay bank, 
but made use of an interlock relay (see Chapter 5D) in the starting circuit. The reset cycle 
was subdivided in two steps, which were controlled by the player unit. The standard 
diagram for this system can be seen in Figure 99. The operation of this circuit is radically 
different from the previous: as we have noted earlier, the player unit in these construction 
years is a "continuous stepping unit", with a switch wheels unit on its central axle. This 
unit does not contain a reset, so in order to get to the starting position this unit has to 
advance past its last position. This has been utilized in the reset circuit. At the end of a 
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game the player unit will be in position 8, 9, 10 or 11 (in a 3 ball game for 1, 2, 3 or 4 
players) or in position 16, 17, 18 or 9 (in a 5 ball game for 1, 2, 3 or 4 players). 

During the resetting of the machine the interlock trips relay AX (reset control). Over the 
closed NO switch P5 (open when the switch wheels of the player unit is on player 1, ball 
1), the 5 impulse motor contact 1A, the closed NC switches of Z1 and Z2 (the two reset 
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Fig. 99 Gottlieb counter reset circuit 1975 - 1978 
relays which are in resting position) the player unit will advance. When the player unit 
reaches position 20, relay Z1 (1 + 2 reset relay) will be activated, over the wiper and 
contact plate of the player unit. By means of the now opening NC switch of Z1 and the 
opened "close at 0" contacts of the 1st and 2nd players score counters, the circuit to the 
player unit solenoid is interrupted: now it will stop. Over the motor contacts 1A and 4A 
(both 5 impulse contacts), and the closed NO switches of Z1, the score counters for the 
Ist and 2nd player will count forward until they reach the 0 position (the 0 NO switch for 
the corresponding counter will open). A second contact in every counter is meant to close 
at the 0 position. When all counters of the 1st and 2nd player are on the 0 position, the 0 
NC switches (which are connected in series) bridge the opened NC switch of relay Z1. 
This causes the circuit to the player unit solenoid to be closed: this advances over motor 
contact 1A. However, this is only for the duration of one step: as soon as the player unit 
arrives in position 21, relay Z2 is activated (over the wiper of the player unit). This 
operation is once more identical to the one before: opened NC switch of relay Z2 (3 + 4 
reset relay) prevents the operation of the player unit solenoid. NO switches of Z2 make 
the counters for 3rd and 4th player advance to the 0 position (over motor contacts 1A and 
4A and the 0 position NO switches of those counters). When all counters have reached the 
O position, the closed 0 NC switches of those counters (connected in series) bridge the 
NC switch of relay Z2. The player unit can advance further, until cylinder contact P5 
opens: the player unit stops at position 1: ball 1, player 1. See appendix 3 for further 
explanation of the switch wheels on the player unit. The remarkable thing in this diagram 
is the use of 470 ohm resistors, connected in series with the relay coils of Z1, that bridge 
the wiper and contact plate of the player unit. These resistors diminish sparks and 
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therefore the burning in of the wipers when they pass the corresponding contact point on 
the plate, and the relay which is subsequently de-activated. An extra feature which is only 
applied by Gottlieb, and shows that pinball machines of this make are superior in quality to 
those of any other brand. Another thing that should be noted is that resetting occurs in a 
single phase in one and two player machines. The relays Z2 and Z3 are absent in this case. 
However, the basic principle remains the same. 


24-D Gottlieb: Defects in counters and reset circuit 


a. Counters get stuck This occurs far more often with the old, tin counters than 
between two digits. with the decagon units. Dirt is often the cause. With the 
tin counters: take the counters in question out of the panel 
by pulling out the two "hairpins" which are sticking 
through the bottom and top of the counter frame, and 
pulling the counter out. Unscrew the screws which hold 
the number wheel in its place. Remove the locking spring 
from the axle and lift the number wheel off it. Counters 
with wipers: Be careful of the copper wiper plate, which 
comes loose straight-away. (If necessary) take the screws 
out of contact plate and lift it up to the side. Check all the 
springs in the counter. Clean all moving parts, and the 
metal plunger, which sticks into the coil. Clean the wiper 
contact and contact plate as well. Reassemble everything 
in reverse order. The number wheel and the wiping 
contact will only fit unto the axle in one manner: check the 
size of the (3) holes between the screws: these must fit 
precisely unto the pins of the nylon ratchet. Dirt rarely 
appears in decagon units: these counters are well 
protected. A decagon unit can be removed from its frame 
by pushing the lug on the left bottom, which is next to the 
mounting rail of this counter, to the left, and pulling the 
counter backwards. Note: in some types the counter has 
been fixed to an extra "hairpin", so remove this first. 
Improper running of a decagon unit is often caused by a 
badly adjusted or broken spring: particularly by the leaf 
spring that rests on the cog wheel to prevent this from 
rotating back. Take care that the spring which has been 
fixed into the hub, does not jump out when you open the 
decagon unit. When reassembling the unit, make sure the 
teeth of the hub fit precisely with those of the drive rack. 
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1, 10, 100, 1000 or 
10.000 relay is 
activated, but counter 
does not function. 


One or more counters 
do not reset 


All the counters reset, 
but the motor runs on 
and the game does not 
start up. 
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Check the counter solenoid. This one can be tested by 
connecting the solenoid lug, which does not have the 
black mass thread soldered unto it, with neutral. (For 
instance on the fuse.) The solenoid should then be 
activated. If this does not happen: measure whether there 
is 25 Volts on the solenoid. If so, replace the solenoid. If 
the solenoid works properly, check the NO switches on 
the corresponding driving relays. Clean them if necessary 
and adjust them. If the problem does not lie in these 
contacts, then check the contacts on the score control 
relays (AA, BX, CC, DD) or, in later types, the switch 
wheels unit contacts P1 till P4 on the player unit. In the 
older types it is recommended to clean the contact plate of 
the balls played unit as well. 

Check whether the 0 NC switch (and if present: the 0 NO 
switch) contacts of these counters are working. If so: 
check the NO switches on the reset relays Z1, Z2 and if 
present Z3. In older types: relays D1 and D2. If there is a 
large group of counters that does not return: check motor 
contacts 1A and 4A ; also check whether the reset circuit 
switches properly (as described in Chapter 24C). With 
types from 1975 onwards: clean the contact plate and 
wipers of the player unit and check whether the contacts 
on the relays Z1 and Z2 are working properly. 

Check whether the 0 NO switch contacts and, from 1975 
onwards: the 0 NC switch contacts in the counters work 
properly. In older machines: Are the NC switches of the 
reset relays D1 and D2 closing properly? Later, after 
1970: Check the NC switches on the relays Z1 to Z3. 
After 1975: Check contact P5 (furthest one in the back on 
the switch wheels unit) of the player unit: Is the NC 
switch clean and well closed off when the unit is not in the 
Ist position (and contact group P5 on the player unit has 
not been lifted). Check whether the player unit advance 
solenoid pulls tight, and the unit's mechanism runs 
smoothly. Also check the functioning of motor contact 
1A. 
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e. Counter solenoid is One or more playfield contacts remain closed. The most 
immediately powered, commonly occurring cause for this are the contacts behind 
and remains that way — rubber belts, or push buttons on the playfield. Careful! 

When it is activated longer than approximately 30 
seconds, the counter solenoid may burn up. Second 
possibility: a closed NO switch on the controlling relay 
corresponding to the counter in question (1 point relay, 10 
points relay, etc.). Also check the end of stroke NC switch 
in the counter. 

f. Counter "misses" The hold circuit of the controlling relay does not work. 
every now and then: Check the end of stroke NC switch on the counter in 
when rapidly adding — question, as well as those for the same digits for the other 


points, these are players. The contact may only open when the counter 
(sometimes) not added mechanism has almost completely finished its incoming 
on stroke. Also check whether the NO switch in aid of the 

hold circuit on the relay itself works properly. 
g. Next decade is not Check the 9 position NO switch of the counter in 
carried over after the question. With models constructed after 1970 (from 
9 position. | "Snow Queen" onwards) check the end of stroke NO 


switch. With types before 1970: clean the contact plate 
and wipers of the "balls played" unit. Check the NO 
switches of the controlling relay of the decade that passed 
the 9 position. . 


25. Gottlieb: Starting up a new game; one or more 
players 


Starting up a new game, either by inserting a coin, or by using the credit button, brings a 
complex circuit into operation. This system also incorporates the setting up of the 2nd, 3rd 
and 4th player. In the course of the years the goal of this system has been changed 
considerably, particularly by the utilization of the new player unit with switch wheels unit 
from 1970 onwards (see Appendix 3 as well). The abandonment of the trip relay bank in 
1975 (almost ten years after the other manufacturers !) had far reaching consequences for 
the starting up circuit as well. 


25-A Gottlieb, starting up a new game (until 1970) 


Figure 100 shows the circuit used until 1970. The machines in question can,be recognized 
by the "balls played unit": this is equipped with two solenoids, a step up and a single step 
reset coil. The explanation for this diagram is as follows: when the insert coin switch is 
used, the coin chute relay (K) pulls tight, and remains activated over its hold switch, and 
motor contact 2B. When the free game button is pushed, the replay relay (E) will be 
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activated, at least whenever the "4 can play" relay has not been tripped. If this 1s the case, 
then the replay relay can be activated when the "first ball " relay (GB) has been tripped. 
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Fig. 100 Gottlieb set up new game system through 1970 


(This happens when a point is scored during a game, and by this the machine "knows" that 
a game has started.) The "tilt" situation (30 Volts hold relay de-activated) also causes the 
replay relay to be activated. When there are no free games registered (replay unit 0 
position NO switch open) the circuit to the relay coil of the replay relay will be interrupted 
as well. When the replay relay is activated, it remains activated over its hold switch and 
motor contact 2B. Furthermore, by means of a NO switch, it makes the "coin chute relay" 
(K) active. This entire circuit works on 110 Volts, which is a life threatening current, so 
always pull the power plug out of its wall socket when this needs to be worked on. The 
coin chute relay puts the score motor into operation (not shown). As soon as motor 
contact 2C closes (and 5 impulse contact 1A delivers a pulse) the starting relay (SB) will 
trip if the 1st ball relay has been tripped. Immediately, the total play meter will be 
increased by one position and, when the replay relay is activated, a free game will be 
counted off. A NO switch of the starting relay, together with the 5 impulse contact 1A, 
causes the countdown coil of the balls played unit to pulse: this unit runs stepwise to the 0 
position. When it arrives in this position a 0 position NO switch of this unit breaks the 
circuit that leads to the countdown coil. The same NO switch of the starting relay, by 
means of the 0 NO switches of all the score counters (connected in parallel, and staying 
that way as long as one or more counters are not in the 0 position) makes the reset relays 
D1 and D2 active. (In two player machines there is no D2, in one player machines up until 
1966 there is no balls played unit either). How the counters run on to the 0 position can be 
read in Chapter 24. When all score counters have reached the 0 position, the relays D1 and 
D2 fall free. At that moment a 110 Volts circuit becomes active again: as soon as motor 
contact 4C closes, and reset relay D1 is free (NC switch closed), and the balls played unit 
is in the O position too, the special NO switch of the starting relay (SB armature) will have 
the relay bank reset: all relays on the bank (such as: the 2 can play relay, game over 
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relay, starting relay etc.) will be put into the latch position ("rest"). What is so special 
about the armature NO switch of the starting relay ? The answer to this is that it has been 
attached to the metal plate that is pulled tight by the trip coil. Therefore it is opened only 
when the trip plate jumps back, which happens only at the moment when the relay is fully 
latched (lifted up), the other contacts on the starting relay will however switch prior to 
this. In this manner the bank reset impulse is made for a sufficient time to guarantee a 
complete reset of the bank. Let's assume that another coin is inserted. The coin chute relay 
(K) will be activated normally. The starting relay (SB) will however not trip over motor 
contact 2C in this case: the first ball relay (GB) has not been tripped yet (the relay bank 
has only just been reset, no points have been scored yet ; furthermore we assume that the 
machine is not on "tilt", the 30 Volts hold relay is activated). As soon as motor contact 1B 
closes, the 2 can play relay (PB2) will trip, however. This motor contact closes after the 
motor has completed 80 degrees of its 120 degrees cycle (see diagram in appendix 1). 
When the coin insert is repeated the 3 can play relay (PB3) will trip over motor contact 3B 
and the closed NO switch of the 2 can play relay. This can be repeated once more: the 4 
can play relay will then trip over motor contact 2C and the closed NO switch of the 3 can 
play relay. 


25-B Gottlieb: starting up a new game: 1970 - 1975 


When the new player unit was introduced in 1970 (onwards from "Snow Queen") the 
starting up circuit had to be adapted as well. Figure 101 shows the diagram for this circuit. 
The circuit is rather more complex than the previous one. This is how it works: when the 
score motor is resting (contacts 2B and 1C are closed), the anti cheat contact in the door 
is closed, and the reset control relay (SB) is in the "latch" position, then the coin insert 
switch and the free game button are connected to neutral. 
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When the coin contact is closed, the starting relay (S) will be activated, and remains 
activated over its hold switch and the (closed) motor contact 2B. When the free game 
button is used, and free games are registered (0 NO switch on the replay unit is closed) 
then the replay button relay is activated, at least when the 4 can play relay has not been 
tripped. When the 4 can play relay has been tripped, this interruption will be bridged when 
the 1st ball relay has been tripped. This will happen as soon as points are being scored. 
When the replay button relay is activated, it remains activated over its hold switch and 
motor contact 2B. Furthermore a NO switch of the replay button relay will make the 
starting relay (S) pull tight. The starting relay will make the score motor (not shown) 
rotate. When motor contact 3B 1s closed, simultaneously with the third impulse of the 5 
impulse contact 1A, the following will happen over the (closed) NO switch of the starting 
relay: first of all the total play meter will jump; secondly: when the 1st ball relay is tripped 
(therefore points have already been scored in this game) the reset control relay will trip. 
However, when the 1st ball relay is in the latch position (therefore the reset has already 
taken place, but there has not yet been any play) then the two can play relay (PB2) will 
trip: a 2nd player will be activated. When a free game is used for starting a game, or for 
starting up a 2nd player (the replay button relay has been powered) then, as soon as motor 
contact 1D closes (during the first impulse of 1A) the free game register will step back one 
position. When the 2 can play relay is tripped, and the starting relay is used once more, the 
3 can play relay (PB3) will trip over motor contact 2C and the closed NO switch on the 2 
can play relay. The next time that the starting relay comes in, the 4 can play relay (PB4) 
will trip over motor contact ID and the closed NO switch on the 3 can play relay. Let's 
return to the start of a new game for a moment: when the reset control relay (SB) has 
been tripped, the reset system that makes the score counters advance unto the 0 position 
will be started, see Chapter 24. When the counters are on the 0 position, and the reset 
relays Z2 and Z3 are free, the player unit will advance over motor impulse contact 1A and 
the closed NO switch of the reset control relay (SB) until NC contact P5 opens on the 
switch wheels unit of the player unit. This will happen in the position 1st ball 1st player. 
On contact P5 a NO switch has been attached as well ; when the reset cycle has been fully 
completed, therefore reset relay Z1 is free, NO switch P5 is closed and the reset control 
relay has been tripped, then the trip relay bank will reset as soon as motor contact 4C 
closes: all relays attached to the trip relay bank will be brought into the latch position. 
Some of these relays are: the Ist ball, last ball, 2, 3 and 4 can play relays and the game 
over relay. The closed contact of the reset control relay (SB) in this circuit is a special 
contact: it is attached to the metal plate that is pulled tight by the relay coil. This will open 
this contact only when the relay mechanism has been completely lifted: at the ultimate 
moment of “latching”. In this way it is guaranteed that the impulse on the relay bank reset 
solenoid will last for a sufficient amount of time to revert the bank completely back. 
Careful, this circuit works on 110 Volts, a life threatening current. Always remove the 
power plug from its wall socket when it is necessary to carry out repairs or adjustments to 
this circuit. | | 
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25-C Gottlieb: setting up a new game, 1975 - 1978 


The abandonment of the trip relay bank (control bank) in 1975 (from "Fast Draw" 
onwards) made an adaptation in the start up game circuit necessary. The diagram in Figure 
102 shows how Gottlieb solved this problem. This circuit uses one interlock relay: the 
reset control relay (AX). It works as follows: the free game button and the coin insert 
switch are supplied over the closed "anti cheat" contact, the contacts 2B and 1C, which 
are closed when the motor is in the resting position, and the off position (latch) of the 


reset control relay. 
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When the coin insert switch is used, then the "1st chute" relay will be activated and remain 
activated over its hold switch and motor contact 2B. When the free game button is 
pushed, and the 0 position NO switch of the free game counter (replay unit) is closed 
(therefore free games are registered), the "replay button relay" (V) will be activated. This, 
however, is prevented when the coin unit (which registers how many players are involved) 
is in its highest position (4 can play). This interruption, by the way, in its turn is bridged 
over by a NO switch of the "1st ball" relay (U), which is activated as soon as points have 
been scored, therefore when the game has started. The replay button relay also remains 
activated over its hold switch and motor contact 2B. Both the Ist chute relay and the 
replay button relay make the starting relay active, over a NO switch. This relay also 
remains activated over its hold switch and motor contact 2B. Depending on the position 
the 1st ball relay (U) is in, the starting relay makes the reset control relay trip, or makes 
the coin unit advance over motor contact 4C. That an advancing coin unit increases the 
number of players in a game by one goes without saying. When, on the other hand, the 
reset control relay is tripped, the following happens: the reset control relay makes the coin 
unit reset (to "1 can play") over a NO switch of the starting relay and the motor contacts 
4C and 1A. The player unit starts stepping up further until position 20 has been reached, 
over a NO switch of the reset control relay, contact 5PB of the player unit (open at the 
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position "Ist ball, 1st player"), the 5 impulse contact 1A of the score motor, and the 
closed NC switches of the reset relays Z1 and Z2. Over wiper and contact plate of the 
player unit the 1 - 2 reset relay (Z1) will then be activated. A NC switch of this relay 
prevents the player unit from stepping up further. How, at that moment, the counters of 
the 1st and 2nd player advance to the 0 position is explained in Chapter 24. When all the 
counters for the Ist and 2nd player are in the 0 position, the 0 NC switches of those 
counters, which are connected in series, bridge the NC switch of the 1-2 reset relay; the 
player unit can continue to advance. This brings the player unit in position 21: -over the 
contact plate and wiper relay- Z2 will now be activated: the 3-4 reset relay. This relay also 
has a NC switch which prevents the player unit from stepping up further. When all the 
score counters for the 3rd and 4th player are in the 0 position, the 0 NC switches in these 
counters bridge the NC switch of Z2: the player unit steps up further. This stepping up 
continues unhindered, until the 1st position (1st ball, 1st player) is reached: the contact P5 
on the switch wheels unit of the player unit is opened, and the starting relay is de- 
activated, so the NO switch that bridges over P5 (to facilitate a start from position 1) is 
opened. To P5B a contact has been attached which closes in the position Ist ball, 1st 
player. As soon as this contact is closed, and motor contact 4C closes (simultaneously 
with motor contact 1A), then the latch coil of the reset control (AX) is activated: the 
interlock relay is put in the latch position. The same happens to the last ball interlock relay 
(BX). During the starting procedure the starting relay (S) remains activated only during 
the first cycle of the score motor, because motor contact 2B makes the relay fall free by 
interrupting the hold circuit. In this cycle the coin unit reset coil is powered over a NO 
switch of the starting relay and motor contacts 1A and 4C, which together generate 4 
impulses. The coin unit (single step reset) steps back to the "1 can play" position. When 
the NO switch of the replay button relay is also closed, the replay unit will step back one 
step: a free game will be counted off. 


25-D Gottlieb: Defects in the setting up circuit. 


a Coin chute and/or free Until 1970: One of the anti cheat or bounce oscillating 
game button do not contacts in the box or door does not close, or is dirty. 
react Careful! 110 Volts current, remove power plug from wall 

socket. Check whether there is 110 Volts current present. 
Gottlieb machines from these years remain unlit until the 1st 
game is started. After 1970: motor contact 2B or the anti 
cheat door contact does not close, or is dirty. Contact on 
the reset control relay is open. Motor contact 1C does not 
close when the motor is in resting position, also check 
whether the score motor arrives at resting position. 


11] 


b. . Relay bank (control 
bank) does not reset. 


c During start only one 
player is added, 
counters do not reset 
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Obviously this only applies to machines built before 1975. 
When the reset cycle is fully executed, but the relay bank 
does not reset, check the fuse near the relay bank coil (1 
Ampere), check whether the NC switch of the reset relay 
(D1 or Z1) is working. As a matter of fact the reset relay 
should be free, so the NC switch will close. When the relay 
remains activated, check Chapter 24. Also check whether 
the "SB armature" contact is working. This contact has 
been attached to a special bracket against the relay plate of 
the SB relay on he control bank. The contact must only 
open, when the relay has been completely latched (and the 
relay plate has jumped back completely) 

The Ist ball relay has not tripped. Tilt the machine and try 
again. If the malfunction continues, check whether the 1st 
ball relay is working. The circuit is simple: the 1 point relay 
(latér 10 points) makes the relay trip over a NO switch. 
When the 30 Volts hold relay is in the off position, it makes 
the Ist ball relay trip (over a NC switch). The circuit to the 
trip coil is only interrupted by a NC switch on the Ist ball 
relay itself. With types after 1975 which have no relay bank 
the ist ball relay is a regular relay that remains activated 
over its hold contact, and falls free when motor contact 1B 
opens, while the reset control relay (AX) has been tripped. 
In these types the Ist ball relay is denoted as relay " U ". 


26. Gottlieb: Ball return, advancing current player 
or next ball 


As mentioned before, Gottlieb changes very little in its circuits. From the beginning the 
ball return and advancing the next player have been two completely separate circuits. The 
first is served by the outhole, the second by a (NO) switch in the return trajectory, which 
returns the ball to the player. In machines until 1966 (including "Masquerade" and 
"Crosstown") the ball is still brought to the shooter by manual control (the so called 
"spoon" or "manual ball lift" machines). In these there is a contact in the return trajectory 
which activates the’ current player circuit, and a gate that stops the ball as soon as the 
game has ended, or whenever the machine has tilted for all players. The tilt disqualification 
was dropped in 1964 (after "Bonanza"). The tilt disqualification also plays a role in the 
current player circuit: actually. it was the only alteration ever carried out in this circuit. 


26-A Gottlieb: Ball return, advance current player, until 1964. 


First of all: the single player machines built before 1966 did not have any ball counter 
whatsoever. They had five balls which were stopped by a gate in the return trajectory 
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(underneath the playfield). After a game was started, the coil that opened this gate was 
powered, all balls rolled past the gate and could be brought in front of the shooter one at a 
time by means of " the spoon". As soon as a point was scored, the gate closed and every 
ball leaving the playfield then stayed behind the gate. In the plate covering the outhole on 
the playfield an elongated opening had been made, through which one could see the balls 
that had already been played ; it was marked "balls played". Counting balls could not be 


simpler! No stepping unit, no lights. eDke wee 
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Fig. 103 Gottlieb advance current player - 1964 game over po sition (game over 

relay QB in latch position), then the 

shane player relay will be activated over the (closed) NC switch of the "1st tilt" relay, by 
the ball that rolls across the first "through switch" (in the return trajectory), at least when 
the extra ball relay (if present) is free. The change player relay remains activated over its 
hold contact and motor contact 2B. A NO switch of this relay starts up the score motor 
(not shown). Let's assume that a two player game is under way, and that player one has 
just lost his turn. As the NO switch of the change player relay is closed (and last ball relay 
XB has not been tripped) as soon as motor contact 1D closes the (1st) impulse of 5 
impulse motor contact 1A will be transmitted to the step up coil of the balls played unit. 
This will now advance to the 2nd player position: the 2nd score control relay (BX) will 
now pull tight. As the NC switch of the 2 can play relay (PB2) is open (2 player game: 
relay has been tripped), nothing else happens. After the Sth impulse of motor contact 1A 
the change player relay falls free (motor contact 2B interrupts the hold circuit). The ball 
now rolls on to the ball release gate. Nothing prevents the: activating of the control 
solenoid, as soon as the ball closes the 2nd through contact (next to the gate). (30 Volts 
hold relay is drawn tight, start, game over and last ball relay are all latched.) When the ball 
that was brought into play leaves the playfield, the activating of the change player relay 
(B) is repeated. The 1st impulse of motor contact 1A is transmitted over motor contact 1B 
to the balls played unit step up solenoid: the unit steps up one position and arrives at the 
3rd player position: the 3rd score control relay (CC) is activated. As the 3 can play relay 
(PB3) is not tripped (two players !) the next impulse of motor contact 1A will reach the 
step up coil of the balls played unit once more, over the closed NC switch of the 3 can 
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play relay. The step up coil will advance to the 4th player position, and the 4th score 
control relay (DD) will be activated. Once more it is the same story: 4 can play (PB4) has 
not been tripped, so over its closed NC switch and the NO switch of the 4th score control 
relay the balls played unit will advance one position because of the impulse from motor 
contact 1A. The unit will now reach the Ist player position of the next ball in play. The 1st 
score control relay (AA) will be activated. As the Ist tilt relay (TB1) has not been tripped 
(NO switch open), the next impulse of motor contact 1A will not activate anything. Let's 
assume something else: the player's turns change, but the 2nd player tilts the machine ; the 
2nd tilt relay (TB2) is tripped. During the tilt the 30 Volts hold relay (H) falls free. When 
the ball is returned through the return trajectory the change player relay (B) will be 
activated normally, the changing of player as well: it is the 1st player's turn. When the 
change player relay is activated the 30 Volts hold relay is powered again and the tilt 
situation is lifted. Of course the 2nd tilt relay remains tripped, as a "memory" of the 2nd 
player being disqualified. When the 1st player's ball leaves the playfield, the change player 
relay is activated once more, but the changing of player goes as follows: with the Ist 
impulse of motor contact 1A the balls played unit advances to the 2nd player position over 
motor contact 1D. However: the 2nd player has been tilted. The (closed) NO switch of the 
tripped 2nd tilt relay (TB2) has the next impulse of motor contact 1A activate the balls 
played unit, which will then reach the 3rd player position. How the unit passes this 3rd, 
and then the 4th player position has been shown before. The unit will then return to the Ist 
player position. Suppose that the 1st player also tilts the machine and the game will be 
over. How does that work? When the ball leaves the playfield during a tilt, the change 
player relay will not be activated: the NC switch of the lst tilt relay (TB1) will now 
prevent this. The relay will also not be activated over the closed NO switch of the 2 can 
play relay, as the NC switch of the (tripped) 2nd tilt relay prevents this. The ball will roll 
on to the ball release gate, the changing of player will not occur. When the ball reaches the 
gate, the activated through contact will not activate the gate's solenoid ; because of the tilt 
situation the 30 Volts hold relay (H) 1s free and will interrupt neutral (NO switch open). 
As the change player relay did not withdraw, the 30 Volts hold relay will not be powered 
again: the game is and remains finished. 


26-B. Gottlieb: Ball return, change player 1964 - 1966 


In 1964 Gottlieb introduced the first pinball machine that no longer disqualified a player 
because of tilt (starting from "Sea Shore" and "Happy Clown"). This also simplified the 
change of player circuit: there was no longer any need for a circuit that disqualified a 
player who had tilted the machine. All machines from this period were still the so called 
"spoon" machines: the ball had to be brought in front of the shooter manually. Figure 104 
shows the diagram. This is obviously a simplified version of the diagram explained in the 
previous chapter. The activating of the change player relay (B) over the 1st through switch 
in the return trajectory (NO switch) remains the same procedure: NC switches in the start 
trip relay (SB), the game over trip relay (QB) and the possibly present extra ball relay 
prevent this relay from coming up. When the change player relay is activated, it remains 
activated over its hold contact and score motor contact 2B. A NO switch of the change 
player relay activates the score motor (not shown). The switch pulses of motor contact 1A 
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Fig. 104 Ball return / advance current player 1964 - 1966 closed. When the NC switch of 
the ".. can play relay " belonging 
to this player is closed (the relay therefore has not been tripped), the next impulse of 
motor contact 1A will be led to the balls played unit step up coil. This will then switch on 
to the next player position. The next impulse of 1A will, if this player is not playing, also 
be led over the NC switch of the ".. can play relay" and the NO switch of the score control 
relay for this player to the balls played unit. When a player, whose score control relay is 
being activated, is participating (his ".. can play relay" has been tripped) then every next 
impulse of motor contact 1A is ignored: as the NC switch of the ".. can play relay" for this 
player is open. After the 5th impulse of motor contact 1A motor contact 2B opens. This 
makes the change player relay (B) fall-free. The score motor steps on (over its own 
contact 1C) to the resting position and then stops. The cycle has been completed. The ball 
rolls on to the gate in the return trajectory. By closing the through switch in the trajectory 
the gate will open and let the ball pass on to the "spoon". 


26-C. Gottlieb: Ball return, change player 1966 - 1975 


From 1966 onwards all Gottlieb machines were equipped with an automatic ball return. 
The return of the ball and the change of player have always remained two separate 
circuits. The only alteration in the ball return part was introduced in 1970 (starting from 
"Snow Queen"): bonus points were given when the ball arrived in the outhole. The number 
of points of this bonus were built up in the game. This practically always worked with a 
stepping unit, single step reset (see Chapter 5B). You will find the bonus unit in the 
example diagram of figure 105. In the older types (without outhole bonus) the contact 
"open at 0 position bonus unit " should be left out. The changing of the player remained 
the same from 1964 onwards, with one small difference onwards from 1970: the contacts 
of the score control relay were replaced by contacts on the switch wheels unit of the 
player unit: P1, P2, P3 and P4 for the Ist, 2nd, 3rd and 4th player. This was brought about 
by the introduction of the new player unit (see Appendix 3). The ball return solenoid 
works as follows: when the score motor is in the resting position (both motor contact 2B 
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NS and 1C are closed), and the 
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a completely (bonus unit 0 
oy position contact in resting 
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et yoo TaD ball closes the contact in the 
Re re ee outhole, the ball return relay 
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es s when the machine is not in the 

w {2 game over position. The ball 

25 € etka ys return relay remains activated 
YS a Re OG over its hold switch and motor 
cee ee g§ Sac contact 2B. The score motor 
av" (not shown) is activated over a 
Fig. 105 Ball return, advancing player 1966-1975 NO switch of the ball return 


relay. A NC switch of the last 
ball relay (XB) powers the circuit to the ball return solenoid and the change player circuit. 
Over this (closed) NC switch and a (closed) NO switch of the ball return relay the ball 
return coil will be powered as soon as motor contact 4C closes: the ball is thrown in front 
of the shooter. In the return trajectory that the ball passes through, it activates a NO 
switch: the so called "through" switch. Before the ball activates this contact, the score 
motor is already in the resting position: the advancing of the ball by motor contact 4C 
happens at the end of the motor cycle (see diagram in Appendix 1). The add player relay 
(P) is activated over the resting position contacts of the score motor and the closed 
through switch. Over a NO switch of this relay the ball return relay is now activated once 
more, the hold switch of this relay makes sure that the add player relay remains activated 
now too: the NO switch makes both relay coils connect in parallel. The change of player 
operates completely identical to the machines from the period 1964 - 1966. For this 
description check Chapter 24B. 


26-D Gottlieb: Ball return, change player 1975 - 1978 


In 1975 Gottlieb abolished the trip relay bank, the so called "control bank". The 2 can 
play, 3 can play and 4 can play trip relays were replaced by a single stepping unit: the coin 
unit. This has four positions: 1 can play (resting position), 2, 3 and 4 can play. This also 
necessitated an alteration in the change player circuit. The diagram is shown in figure 106. 
There are two completely separate circuits here too. The return of the ball from the. 
outhole works completely separate from the change of player circuit. First the ball return 
circuit: when the score motor is in the resting position (contacts 2B and 1C are closed), 
then a ball which enters the outhole will make the ball return relay (O) active, if: the bonus 
unit is in the 0 position and the reset control relay and the game over relay are in the off 
position (NC switches closed). The ball return relay remains activated over its hold switch 
and score motor contact 2B. The fact that the anti cheat switch, which is the stroke 
security contact in the door, has been entered into the circuit is only because the current 
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has been tapped off from the coin insert /free game starting circuit, which also uses motor 
contact 2B from this circuit. 

The score motor (not 
shown) is powered over a 
NO switch of the ball return 
relay. When motor contact 
AC closes (simultaneously 
with the Sth impulse from 
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Fig. 106 Ball return / advancing player 1 975 - 1978 becomes _ operative: the 


changing of player. This 
circuit is activated as soon as the ball closes the through contact situated in the return lane. 
This makes the add player relay (P) active and remain activated over its hold switch and 
motor contact 2B. The add player relay also activates the score motor. When the possibly 
present extra ball relay is in the off position and the Ist ball relay (U) is standing in (and 
therefore a game has started and points have already been scored) the player unit will 
advance one position over the motor contact 2C (simultaneously with the 2nd impulse 
from 1A) and the closed NO switch of the add player relay. This can possibly be avoided 
by a NC switch on the last ball relay (BX), which is however in the off position in the 
normal playing situation. The line to the player unit step up coil runs over the (closed) NC 
switches of the reset relays Z1 and Z2.These are however only important in starting up a 
new game (see Chapter 25C). The wipers on the coin unit connect all outputs (on the 
contact plate) that correspond to the players that are not participating in the game: when, 
for instance, there are only two players the outputs 3 and 4 of the coin unit are connected 
with the wipers, and therefore with neutral. When a contact on the player unit (switch 
wheels unit), corresponding to a player who is not participating, is closed (the player unit 
will then indicate this player's turn) the next impulse from motor contact 1A will be 
transmitted to the player unit step up coil ; which will advance one position. When the 
player unit arrives in the position of a player who is participating in the game, the player 
unit Contact will not be powered over the coin unit: the player unit will not step further. 
Motor contact 2B will make the add player relay fall free: the score motor will stop as 
soon as it has reached the resting position. 


by 


Pinball Machine Maintenance 


26-Gottlieb: Defects in the ball return / advance player circuit 


a. Ball does not return. 


b. Player and ball 
-number do not 
advance. 


c. Designation for all 
players or wrong 
player during single 
play 


Until and including 1966: NO switch next to gate in the 
return lane does not close. NO switch on the 30 Volts 
hold relay is dirty, or does not close. NC switch on the last 
ball relay (XB) does not close in the latch position. After 
1966: outhole NO switch does not close. Motor does not 
reach resting position or steps up too far (motor position 3 
and a half brake spring blade broken off). When the ball is 
advanced but keeps falling back into the outhole: 
mechanical cause: is the pivoting point of the throwing 
arm properly attached ? Does the throwing arm move 
precisely in the length direction of the return tunnel ? If 
possible bend into proper position. To gain insight into the 
functioning, it is recommended to remove the cover plate 
(decorative frame): this is attached by two screws to the 
front side of the playfield ; remove screws and hook off 
the frame. Check whether the bonus countdown is 
working and check the bonus unit 0 position contact. also 
check NC switches on the reset control relay (AX) and 
game over relay. When the score motor remains 
operating: check NC switch on the last ball relay (BX) or 
NO switch on the ball return relay (O). Check whether 
motor contact 4C is working. 

All construction years: NO switch (number 1) in return 
lane does not close, or is dirty. NC switch on the last ball 
relay does not close in the resting position, or is dirty. If 
present: check NC switch on the extra ball relay. After 
1975: dirt or bad contact on the wiper contact plate of the 
coin unit. 

Dirt on contact plate and / or wipers of balls played unit 
(later types: player unit). Motor contact 2C remains 
closed, in types up to and including 1966 a not properly 
functioning motor contact 1D is a possibility. 


2/7. Gottlieb: End of game 


When the last player's ball leaves the playfield and ends up in the outhole, a circuit is 
activated which sets the machine to game over position. At the same time the end numbers 
of the accumulated scores are compared to the lottery number, which appears in the back 
box, and if these match a free game is awarded. This is called the "match circuit". As the 
Gottlieb company has always been conservative, this system has also remained practically 
unchanged in the course of years. Only the abolition of the tilt disqualification in 1964 and 
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the introduction of the control bank with trip relay had any influence on the game over 
circuit. 


27-A Gottlieb: End of game up to and including 1964 
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Fig. 107 Gottlieb game over and match up to and including 1964 


Up to and including 1964 Gottlieb manufactured machines that completely disqualified a 
player in case of tilt. For this purpose a separate tilt (trip) relay had been installed for each 
player. In case of tilt a player was also not awarded a free game if the end numbers 
matched the lottery numbers. Figure 107 shows the diagram for a 4 player machine. The 
diagram for 2 player machines is completely identical to this, except for everything 
conceming the 3rd and 4th player, which has been left out. When the balls played unit 
reaches the position of the last ball for the 1st player (adjustable: position 8 for a 3 ball 
game, and position 16 for a 5 ball game) the corresponding output of the unit is connected 
by a wiper to neutral. When the 2 can play relay (PB2), 3 can play (PB3) and 4 can play 
(PB4) relay are all latched (NC switches closed) -or if they have been tripped- the opened 
contacts are bridged by a tilt trip relay belonging to the particular player, the 0 is laid on 
the trip coil of the last ball relay (XB), so the NO switch of the change player relay (B) 
will close. When the 2 can play relay has been tripped, the change player relay will 
normally activate the circuit described in Chapter 26A, in order to change player. To this 
purpose it is checked from every position during the last ball whether a next player is 
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coming up. If not, the last ball relay (XB) will be tripped. When the last ball relay is 
tripped the following happens: neutral is transmitted over 5 impulse motor contact 1A and 
the (closed) NO switches of the change player relay (B) and the last ball relay to motor 
contacts 4B, 1B, 2C and 1D, that is to say if the match on /off selection plug is plugged in 
the "on" position. Simultaneously with the Ist impulse of motor contact 1A ,contact 1D 
will close ; and because of this the 0 impulse is transmitted to the wiper in the 0- 9 counter 
of the 4th player, if the 4 can play relay (PB4) has been tripped (NO switch closed) and 
the 4th tilt relay (TB4) has been latched (NC switches closed). When the 0 impulse 
reaches the wiper, the output of the counter corresponding to the counter position will 
pass this signal on to correspondingly numbered output of the match unit. When the match 
unit is also in this same position (and the wiper of the match unit is therefore on the 
corresponding output), the lottery end number is correct: the impulse arrives directly from 
the wiper of the match unit to the step up solenoid of the free game counter (replay unit 
advance) and makes this advance one position. Simultaneously with the 2nd impulse of 
motor contact 1A motor contact 2C will close. This procedure repeats itself, but now for 
the 3rd player: when the 3 can play relay (PB3) has been tripped, and the 3rd tilt (TB3) 
has been latched, the impulse is passed on from motor contacts 1A and 2C to the 0-9 
counter of the 3rd player. In this way an output of that particular counter is activated, 
which is connected to the corresponding output of the match unit. When the wiper of the 
match unit is also in the corresponding position, the free game counter will (once more) 
advance one position. The 3rd impulse from motor contact 1A is passed on over motor 
contact 4B to the circuit for the 1st players end numbers ; the 4th impulse from 1A is used 
by motor contact 1B to check the 2nd player's end numbers. When motor contact 4C 
Closes (simultaneously with the 5th and last impulse from motor contact 1A) the game 
over relay (QB) will be tripped over the closed NO switch of the last ball relay (XB). 
Neutral is turned off by a NC switch of this relay: flippers, bumpers and large groups of 
relays are turned off in this manner. The game is over. 
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Fig. 108 Gottlieb: Game over and match circuit 1964-1975 
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the game over circuit was taken over by the ball return relay (0). This application had 
already been used in the diagram in figure 108. The use of the "new style" player unit from 
1970 onwards did not change anything in the function of this circuit. It is identical to that 
in the previous chapter: When the player unit arrives at the position of the last ball for the 
last player, the last ball relay (XB) will be tripped as soon as the ball return relay (0) is 
activated. Over NC switches of the 2 can play, 3 can play and 4 can play relays (PB2, PB3 
and PB4) the player unit is made to switch on to the next player, if there is any. (Check 
Chapter 27 as well.) When the last ball relay is tripped, motor contacts 1B, 4B, 2C and 1D 


are provided with 0 impulses by motor contact 1A and the closed NO switches of the last — 


ball relay and the ball return relay. In this way the wipers of the 0-9 counters of the 4th, 
3th, 2nd and 1st player are provided with a neutral line impulse one after the other (with 
players 2, 3 and 4 only when the corresponding ".. can play " relay has been tripped.) The 
particular wiper passes the impulse on to the output on the contact plate that corresponds 
with the position the counter is in. This output is connected to the corresponding output 
of the match unit. When the match unit (which determines the lottery end numbers) is in 
the right position, the neutral line impulse will be led over the wiper of the match unit to 
the step up coil of the replay unit: one free game will be added on. Finally, the game over 
relay (QB) will be tripped over motor contact 4C. A NC switch of the game over relay 
will interrupt neutral of a large part of the machine: the current is taken off flippers, 
bumpers and contacts. The same goes for the outhole contact, which is still bemg 
activated by the ball. In this way the ball return relay (O) will not come in once more. 


27-C Gottlieb: End of game 1975 - 1978 


The abolition of the control bank with trip relay in 1975 (starting from "Fast Draw ") and 
the subsequent introduction of the coin unit and interlock relay for last ball required an 
alteration in the game over circuit. The diagram can be seen in figure 109. The (4) player 
outputs of the last ball (3 or 5, adjustable) are powered as follows: The position "player 4" 
is directly connected to neutral - 
over a NO switch of the Ist ball =!”5*"* 
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connections are made by the wipers ; the higher the coin unit steps up, the more 
connections are interrupted. When the player unit arrives at the highest ball -and is 
therefore connected to neutral (which is the position of the highest possible player)- the 
last ball interlock relay (BX) will be tripped, as soon as the ball return relay (O) is 
activated. Over motor contact 1A (5 impulse contact) and the (closed) NO switches of the 
ball return relay (O) and the last ball relay (BX) motor contact 1B and the contact plate of 
the coin unit are provided with 0 impulses. When the coin unit is in the position "2 can 
play" or higher, the pulses are passed on to motor contact 4B. When the coin unit is in the 
position "3 can play" or higher, the pulses are passed on to motor contact 2C. In the 
highest position, 4 can play, motor contact 1D is connected up to the 0 impulses as well. 
Motor contacts 1B, 4B, 2c and 1D all successively pass on one impulse to the wipers of 
the 00-90 score counters of respectively the 1st, 2nd, 3rd and 4th player. These units pass 
the impulse on to the outputs on the contact plate which correspond to the counter 
positions. These outputs are connected to the corresponding outputs of the match unit. 
When the match unit is in the same position as the counters outputs, the 0 impulse is led 
_ by the wiper on the match unit to the replay unit step up coil: a free game is added on. 
Finally, the game over relay (Q) is powered over motor contact 4C. This is a normal relay! 
The game over relay remains activated over its hold switch and a (closed) NC switch of 
the reset control relay (AX). A NC switch of the game over relay renders a large part of 
the machine free from voltage by interrupting neutral. This also ends the game. 


27-D Gottlieb: Other functions of the match unit 


Because the match unit changes position many times during the game, and therefore 
advances continually, it 1s eminently suited to control game features that operate on 
chance. The most frequently used is the alternator relay. For instance, a wiper of the match 
unit makes this relay active only when the match unit is on the uneven positions. During 
the game this relay will constantly switch on and off. The SPDT contacts of the alternator 
relay toggle certain features on the playfield. Sometimes the function of alternator relay is 
combined with the positions of the score motor. This motor has three resting positions (0, 
120 and 240 degrees). On one of the resting positions an extra contact has been attached 
(powered by a high pin on the carrousel) which particularly uses its contact in this resting 
position. This creates a chance of 1 in 3. If this function is interrupted by the alternator 
relay, this chance is | in 6. 


27-E Gottlieb: Defects in the game over / match circuit. 


a. Machine gives out Last ball relay (XB or BX) does not trip: dirt or bad 
unlimited number of contact on the contact plate and wipers of the player unit, 
balls: does not go to and if present the coin unit. NC switch on the last ball 
game over relay does not close, or is dirty. 
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b. Machine stays on In older types: control bank does not reset properly: the 
game over, even after "SB armature" contact opens a fraction too early. In 
reset control banks with two reset coils, check whether both 


coils function well. Types after 1975: NC switch on the 
hold relay (R) does not open. NO switch on the last ball 
relay (XB or BX) remains closed. 

ec. Endnumbersdonot Match on /off plug is in the "off "position. Dirt or bad 


light up ; no free contact on the contact plate of the match unit. NO 
games switches of the last ball relay (XB or BX) do not close. 
d. When end numbers When the machine never gives a free game (not even on 


match: no free games the scores or special): limit contact on the replay unit 
remains open. Dirt or bad contact on the contact plate of 
the match unit. If only for one (or a few) player(s): bad 
contact or dirt on the contact plate of the coin unit (if 
present) or, in older types: NO switch on the ".. can play" 
relay does not close, or is dirty. Dirty contact plate or 
wiper in the 0-9 (00-90) counter of particular player. NO 
switch on the last ball relay (XB or BX) or on the change 
player relay (B) in later types: ball return relay (O) does 
not close well, or is dirty. 
e. Alwaysthesameend Match unit does not carry over. Defect coil on the match 
numbers unit. NO switch on the 1 point (or 10 points) relay does 
not close, or is dirty. In some later types the match unit is 
powered by one pop bumper (relay). Check the contacts 
of the relay connected to this. 


28. Gottlieb: The score free game circuit 


Only one simple circuit is required for creating a free game at a previously set score. This 
is so effective that for all brands of pinball machines this circuit is practically identical and 
it has hardly been changed over the years. The only alteration in Gottlieb machines 
concerns the height of the scores that have to be obtained: machines before 1967 (up to 
and including "Dancing Lady') had 3 digits counters, and a trip relay for exceeding the 
1000 point limit. The counter limit was therefore 1999 points. Later machines were all 
equipped with a 4 digits counter, and a counter limit of 9999 points. In 1971 (onwards 
from "Sheriff") a "dummy" 0 was added to the score: the counter limit then became 99990 
points. This "inflation" obviously had hardly any influence on the score free game circuit: 
the 100 points relay became the 1000 points relay, etc. 


28-A. Gottlieb: The score free game circuit up to and including 1966 
Up to and including 1966 Gottlieb was the last manufacturer to build pinball machines 


with 3 digit counters and a trip relay for scores over 1000 points. The score free game 
circuit functioned as described in Figure 110. It works as follows: A wiper of the balls 
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outputs of the balls 
played unit are connected 
to the wivers in the 100- 
900 counter of the 
corresponding player. 
When it's a player's turn, 
the wiper in his 100-900 
counter is connected to 
neutral in this manner. 
The 100-900 counter also 
drives an output: which 
matches with the score of 
Fig. 110 Gottlieb score / free game through 1966 the counter. (Counter 
: position 4, output 4, 
etc.). The counter 
outputs are connected to the adjusting base, in which the score to be obtained is set. In 
such a manner, that the counter output is connected to the base exceeding the counter 
score by one number (output 6 to base 7, etcetera). To the adjusting base, plugs can be 
inserted from two groups: red for scores between 1100 and 1900 points, blue for scores 
between 100 and 1000 points. When a blue plug is inserted into a base, which is at that 
moment connected over aforementioned circuit to the neutral, then -as soon as the 100 
points relay (Q) is powered- the free game counter (replay unit) will advance one position: 
a free game is added on. When a red plug is inserted, the circuit leading to the free game 
counter is interrupted by four sets (one for each player) of two NO switches connected in 
series: one from the score control relay (AA, BX, CC or DD) and one 1000 points trip 
relay (1B, 2B, 3B or 4B) related to that player. However, only a single NO switch of the 
score control relay is constantly closed: that of the current player. When the 1000 points 
relay of the particular player has been tripped (NO switch closed), the bridging of the blue 
plugs is made and the free game counter will advance -if such a plug is inserted into a 
driven base and the 100 points relay is activated- . 


25V 


28-B Gottlieb: The score free game circuit 1967 - 1978 


From 1967 onwards all Gottlieb machines were equipped with 4 digits counters. In 1970 
an extra 0 was added to this, but this obviously did not change the function of the free 
game circuit. In 1977 some machines were manufactured with a 100.000 relay and an 
indicator that lit up when this score was achieved. It was not possible, however, to set free 
games for scores over 100.000 points in these machines. So the score free game circuit 
has remained unchanged. Fig. 111 shows how it functions. A NO switch of the 100(0) 
points relay connects the contacts of the player unit (in types before 1970: the contacts of 
the score control relays AA, BX, CC and DD) up to neutral. One of these contacts is 
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constantly closed: the one 
corresponding to the current 
player. Over this closed 
contact the 0 Volt impulse is 
led to the wiper of the 
100(0)-900(0) counter of the 
current player. In this manner 
the output of the counter 
matching the counter 
position is 
neutral. The output of the 
counter is connected to the 
adjusting base in such a way 
that each counter output is 


connected to the base with a © 


value exceeding the counters 
value by one (so: output 5 to 
base 6, etcetera). When a 
plug is inserted into the base, 


connected to ' 
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Fig. 111 Gottlieb score / free game 1967 - 1978 


the 0 Volt signal is passed on to the output of the 1000(0)-9000(0) counters, which 
matches the set value of this plug. When the score counter 1000(0)-9000(0) is also in this 
position, the wiper of this counter is also connected to this output and is then connected to 
neutral. The wiper of every 1000(0)- 9000(0) counter is connected to the output of the 
player unit (contact plate) belonging to the particular player. If it is this player's turn, all 
conditions for awarding a free game have been met: the wiper of the player unit passes on 
the 0 Volt signal to the step up solenoid of the replay unit: a free game is added on. 


28-C Gottlieb: Defects in the score free game circuit. 


a. Machine does not add If this also does not happen at "special" or after coin 


free game. | 


insertion: limit contact (the contact that opens when 
highest position of the replay unit has been reached: - 
usually 15) remains open. Replay units consisting of two 
plates (1975-1978) do not have this contact. If machine 
does add free games at "special" or after coin insertion, 
but not with scores: NO switch on the 100(0) points relay 
is dirty, or does not close. Check adjusting plugs: has the 
free game been set properly? Clean contact plate and 
wipers on the player unit (older types: balls played unit). 
Check whether contacts on the score control relay and / or 
player unit are functioning properly. 
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b. . One or more players Contact plate / wipers of the player unit (possibly balls 
are not awarded free played unit) are dirty, or make no contact. Check NO 
game switches on the switch wheels unit of the player unit 

(from '70 onwards). Clean wipers and contact plate of the 
100(0) and 1000(0) counters of particular player(s). 

c. Free game at _ the Adjusting plugs connected to incorrect bases: the addition 

wrong scores. of plug and base constitute the free game. score: plug 
70.000 + inserted to base 4000 awards free game at 
74.000 points, etc. In older types (before 1967): contact 
on one (or more) of the 1000 points trip relays remains 
closed. 


29. Gottlieb: security circuits 


Gottlieb also built in several security circuits in its machines. However, these always 
remained fairly simple. The most well known is obviously the "tilt" circuit, but the 
machines were also protected against harder manipulations. 


29-A Gottlieb: Hold circuit up to and including 1966 


The hold circuit used in Gottlieb machines up to and including 1966 was usually altered by 
owners of one of these. The fact is that the original circuit has one bad characteristic, 
namely that the machine remains 115V } 
completely unlit until a. coin is inserted. 
After this it remained lit, until the power 
was interrupted. Therefore it was hardly 
visible whether the machine was on or off. 
Figure 112 shows the diagram for the 
electrical circuit. When the mains voltage is 
switched on, nothing happens: the opened 
NO switches of the 115 Volts hold relay 
(R) and the coin chute relay (K) keep the 
transformer free from voltage. Only the 
coin chute circuit powered by the mains 
voltage is ready for use. When a coin is 
inserted the closing NO contact of the coin LINE VoL TAGE 
chute relay has the mains voltage supplied Fig. 112 Hold circuit 1966 

to the transformer. The transformer then | 

Starts supplying 25 Volts instantly. The 115 Volts relay (R) is directly connected to the 25 
Volts, and so will be activated immediately. The now closed NO switch of this 115 Volts 
hold relay takes over the voltage supply to the transformer, which remains powered as 
long as the relay is standing in, which it will continue to do as long as the transformer is 
powered. The switched on transformer obviously also directly supplies the 6 volts needed 
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for the lighting: the machine is then lit. When one of the stroke or bumper contacts in the 
machine is opened, the mains voltage is discontinued ,the lights are extinguished (6 Volts 
fall away) and all activities cease (25 Volts have fallen away, and will not be continued 
because the 115 Volts relay falls free), until a coin insert reactivates the system once more. 
In many of the machines you will find that the NO switch of the 115 Volts relay has been 
bridged (or bent closed) to make sure the machine is always instantly lit when the mains 
voltage is switched on. You may also find a bridging contact mounted on the left flipper 
button, so the lights can be switched on by pushing this button (just: like in machines of 
other brands). But note: all this is not originally Gottlieb ! 


29-B Gottlieb: Hold circuit 1966 - 1978 


Gottlieb also realized that an unlit pinball machine does not exactly advertise itself. That is 
why the hold circuit was altered in 1966. The oe switch on instantly when the mains 
voltage is switched on. The playfield, 


however, remains unlit (just like in the re t> at 
tilt situation). When the machine is Rv 7 oS ae 
switched on, the transformer is powered S 

instantly and so 25 Volts and 6 Volts re 

immediately become available. The hold ws 

relay (R) still remains in the "off" 2 a Ry 
position. Over a (still closed) NC switch Se, RN 
of the hold relay the game over relay 
(QB), which protects its trip coil over its ~ > 
own NC switch, will be tripped. In later ay ef 
types (onwards from 1975: "Fast Draw" S$ = 283 = 
and later types) the game over relay is no asy GOK 
longer a trip relay, but a regular relay, Fig. 113 Hold circuit 1966-1978 


usually denoted with "U". This relay remains standing in over its hold switch. The NC 
switch on the game over coil is obviously absent. As soon as a game is started, the hold 
relay (R) comes in over a NO switch of the start relay (S), and it remains activated over its 
own hold switch. Only the opening of one of the "bounce" (stroke or bumper) contacts in 
the machine or the discontinuation of the mains voltage make the hold relay fall free, 
which instantly makes the game over relay trip (or switch on). 


29-C Gottlieb: Tilt circuit up to and including 1964 


Until 1964, the penalty for tilt was disqualification of the player in question for the 
remainder of the game. This of course made it necessary that a separate tilt (trip) relay was 
mounted for each player. Gottliebs tilt system itself has always remained unchanged 
although it is a rather indirect system (and capable of simplification). Figure 114 shows the 
function of the tilt circuit. Everything turns around the 30 Volts hold relay (H). As long as 
this relay is powered, the playfield (both the lights, coils and contacts) are supplied with 
voltage. When one of the tilt contacts in the machine is closed, the tilt relay (T) will be 
activated for an instant. Over a NC switch of the tilt relay, the 30 Volts hold relay (H) falls 


127 


Pinball Machine Maintenance 


free. At that moment a NO switch on the relay will be opened, which switches off the 
game and the lights on the playfield. Over a now closed NO switch of the 30 Volts hold 
relay, the closed NC switch of the 


“9 govnete | change player relay (B) and a NO 
a staat ge | “State switch of one of the score control 
a sauce g relays (AA, BX, CC or DD) the tilt 
sxe sé (s) ¥ relay belonging to that particular 
ast 2 player (TB1, TB2, TB3 or TB4) 
a S will be tripped. Each tilt trip relay 
ef = ee . protects its own trip coil over a NC 
re > N switch which opens as soon as the 

= c 3 et. _ relay has been tripped. When the 

us| sa] Se] £2] 3S as ball winds up in the outhole, and the 

s >% = >2 >= > 4 > change player relay (B) is then used 
HOVE OES? & Ke to change player, the hold relay will 


w 
< 


be activated again. The playfield is 
Fig. 114 Gottlieb tit through 1964 then supplied with voltage once 

more: the game can continue. 
Because the tilt trip relay of the particular player remains standing in, the tilt 
disqualification is not changed. How it is further arranged that the "tilted" player does not 
receive a turn to play anymore, is explained in Chapter 26A. 


29-D Gottlieb: Tilt Circuit 1964 - 1978 


When the tilt disqualification was dropped in 1964, the tilt system was simplified 
considerably: there was no more need for a separate tilt trip relay for each player. The 
principle of this circuit is completely identical to that 
of the previous construction years. Figure 115 shows 


the applied diagram. The hold relay (H) is powered Won Teecss) 
during the start cycle by the start relay (SB) (in later : 3 

types from 1975 onwards the reset control relay AX) ais! 

and when the next ball is advanced by the ball return ies , 

relay (O). The hold relay remains activated over its 3 

own NO switch which also regulates the voltage r 
supply of the playfield: when this contact is closed the . : 
flippers, bumpers and contacts on the playfield work he 

normally. When one of the tilt contacts closes, the tilt Re 

relay (T) will be activated instantly. The opening NC | 

switch of this relay will make the hold relay fall free: > wy 
the game is switched off, until the hold relay is 8G. REED 
powered once more (by the advance of a next ball or wag. = LS SE 
the start of a new game). Over a closing NC switch of 

the hold relay the "tilt" light is switched on. The tilt Fig. 115 Tilt 1964 - 1978 


relay (T), which is directly activated by the tilt 
contacts, is connected to the 25 Volts segment, which is discontinued by the hold relay 
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which is in the off position. This will cause the tilt relay not to be activated again, once the 
hold relay has failen free. 


29-E Gottlieb: defects in the security circuits 


a. 


115 Volts hold switch 
does not work, relay 


Defect transformer or blown mains line fuse, Careful! this 
circuit has an open connection to mains. Life threatening: 


not activated, even remove the mains plug from the electrical output. The 25 

when manually volts fuse may possibly be blown: in this case the lights in 

operated the back box will light up when the relay is manually 
operated. One or more anti cheat contacts do not close, 
or are dirty. In machines onwards from 1970 an additional 
stroke contact has often been mounted in the back box ! 

b. (115 Volts) hold One or more anti cheat contacts hardly close, or are dirty. 
switch spontaneously NO switch on the (115 Volts) hold relay (R) does not 
falls free during the close properly, or is dirty. Check the mains cord and plug: 
game. is the supply not interrupted every now and then? 


Machine will not be 
tilted, even when the 
plumb hits the ring. 


NO switch on the tilt hold relay (30 Volts hold) remains 
closed. NO switch on the start trip relay (SB) later types: 
reset control relay (AX) or on the ball return relay (O) or, 


if present: the change player relay (B), remains closed. NC 
switch on the tilt relay does not open. Tilt plumb and /or 
its contact ring are oxidized. Sand clean and test again. 
Also check the wire connections on the tilt mechanism. 
One or more tilt contacts are closed: check whether for 
instance the tilt plumb has not dropped down onto the 
contact ring. NC contact on the tilt relay (T) does not 
close, or is dirty. NO switch on the tilt hold relay (30 
Volts hold) is not closing, or dirty. 


d. Machine stays tilted 


30. Gottlieb: Lighting circuits 


The lights in pinball machines are usually operated by very simple circuits. They often are 
controlled directly by a NO switch of a relay: For instance: shoot again, 100 points when 
lit, etc. The lamps which indicate the ball number are controlled from the contact plate of 
the balls played unit (later: player unit) by a wiper. The indication of the player in older 
machines (with a balls played unit) is controlled by NO switches of the score control relays 
(AA, BX, CC and DD). In later types these lamps are controlled by NO switches on the 
switch wheels unit of the player unit. Characteristic of Gottlieb machines is the fact that 
the lighting on the playfield is entirely controlled over a NO switch of the 30 Volts hold 
(tilt hold) relay (H). In case of tilt this relay will fall free and the lighting on the playfield 
will be extinguished. 
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30-A Gottlieb: defects in the lighting circuits 


a. 


| Lamp 


All lamps in the back 
box are off. 
All lamps on_ the 
playfield are off. 


One lamp is not lit, 
but is not broken. 


(Single) end number, 
ball in play and / or 
player up lamps not lit 
or weakly lit. 


alternately 
burns weakly, and 
then brightly. 


A group of lamps 
(often together) not lit. 


Check the fuse "6 volts back box" and its socket. Check, 
and if necessary clean, the plug connection between back 
box and bottom panel. 

Check the fuse "6 Volts playfield" and its socket. Check, 
and if necessary clean, the plug connections between 
playfield and back box. Also check the 25 Volts fuse and 
its socket. NO switch on the 30 Volts or the tilt hold relay 
(R) or (H) does not close, or is dirty. Also check whether 
this relay is functioning: when it does not become 
activated, then repair defect as described in Chapter 29E, 
point d. 

As I mentioned earlier: lamps are usually operated very 
directly; often over a single NO contact. Reason out which 
contact (relay) operates the lamp. Check, adjust and / or 
clean the contacts. Bad fitting: measure if there is 
approximately 6 Volts AC on the connections. If so, 
replace the fitting. Bad (dirty) plug connections between 
bottom panel and playfield or back box (depending on 
where the lamp is mounted). 

Dirt on the contact plate or wiper of the particular 
stepping unit. Clean and adjust as described in Chapter 9. 
The same can of course also happen with lamps controlled 
by another stepping unit. (for instance "bonus" lamps and 
such). 

Bad or dirty fitting. The bottom side of the lamp might be 
oxidized. If oxidation of fitting is spread out, you should 
replace fitting. 

Broken mass wire. Follow the wire running past all these 
lamps and find the break. This is usually a blank wire, 
stapled down under the playfield. Under such a staple, a 
break can sometimes occur. 


31. All brands: Lay-out of the playfield 


The playfield of the pinball machine is of course the "battleground" of the game. It 
contains a network of contacts, which are controlled by the ball. Furthermore many coils 
control the operation of often smart mechanisms that keep the ball moving. As there is 
hardly any difference between the various brands in the function of those contacts and 


mechanisms, we can discuss this for all brands together. It is 


amazing how even 


manufacturers imitate each others inventions, or just literally copy them! While we discuss 
the function of every playfield object, we also look into the defects and the adjustments. 
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Though your machine may (fortunately) not have any defects, you will find it quite 
educational to read the following chapters to gain more insight into function of the various 
play elements in your machine. 


32. Playfield contacts and their use 


As I mentioned above, the playfield is full of contacts which are controlled by the ball. We 
can distinguish: 
"rollovers" ,which are being pressed down by the ball. These may both be operated by iron 
wires and buttons. 
"rollunders" ,which are hanging above the playfield, and are moved by the ball when it 
rolls underneath it, and then activate a contact. 

"targets" ,vertically placed target discs, which are pushed in by the speed and force of the 
ball, and activate a contact placed behind the disc. 


TARGET — 
Pe SE 


ROLLOVER 
BUTTON 


= : Fig. 117 Spinner ( Swinging target ) 


Fig. 116 Various contact makers on the playfield 


“stand up switches ,contact blades, which have been placed directly, vertically behind a 
rubber belt. 
When the ball bounces against the rubber, the belt bounces in and the contact is activated. 
The contact makers that are activated by the ball, usually close NO switches: the score 
circuit is to be switched on. When a contact maker serves to switch something off (for 
instance "off bumpers"), a NC switch has obviously been mounted. A single contact maker 
can simultaneously activate several contacts. In Figure 116 we see various contact makers, 
with underneath it a playfield cross section of the entire mounting. There is one contact 
maker that deserves our special attention: the "spinner", also called "the swinging target" 
(Figure 117). A metal plate has been placed onto a crankshaft in such a manner that the 
gravitational point of this construction ensures that the plate remains absolutely vertical 
when it is resting. When a ball is thrown underneath the plate, the plate will start spinning: 
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the crankshaft with the plate turns around. A part of the crankshaft is bent, and will start 
working as "crank". An iron wire, attached to this crank, moves up and down underneath 
it. This will make a contact -mounted underneath the playfield- close and open with each 
revolution. By including this contact in the score circuit a great number of points will be 
added on in a rapid tempo: the harder the spinner revolves, the longer it will spin around 
and the more points will be scored. The position of the gravitational point is such ,that as 
soon as the spinner has stopped spinning round, it will stop in the position that opens the 
contact. 


33. All brands: Playfield components 


The game in a pinball machine is largely determined by the application of various usual coil 
controlled mechanisms, which give the ball speed, change its direction or come to the aid 
of the player: the ball is brought in the correct direction, or the ball is prevented from 
leaving the playfield. It also happens that there is one particular type, or only.a few types 
of mechanisms, that use(s) a specially designed effect. Some examples of this are: the "ball 
grabber" in the Bally "Nip it " (1973), and the turning disc of Bally "Fireball" (1972) and 
"Twin Win" (1974). In the following chapters, each time one special playfield object is 
being highlighted. It is, however, impossible to deal with all the effects that have been 
specially designed for just one or only a few types of pinball machines. 


34 Playfield components: The Flipper 


The most essential component in any pinball machine! The machines even owe their name 
to this contraption in some countries. The flipper mechanism is a Gottlieb invention: 
designer Harry Mabs used it for the first time in the "Humpty Dumpty" (1947). The 
mechanism was then called "flipper bumper", and differed somewhat from the current 
flipper arm. By pushing the flipper button, the flipper bumper made one stroke, to fall 
back directly to its resting position. This means that it took quite some dexterity to give 
the ball a full hit. Soon it became obvious that a flipper that worked permanently would 
give more action to the game. From then on only pinball machines were manufactured 
with permanently working flippers (around 1950). In 1969 an important change took 
place: the 3 inch (long) flipper was introduced. (First in Williams "Suspense".) This did not 
change anything in the construction of the mechanism. Figure 118 shows the Bally and 
Gottheb flipper mechanisms. The Williams mechanism was practically identical to 
Gottliebs. In 1975, the Bally mechanism was radically changed (starting from "Hi Deal"). 
This mechanism can also be found in Figure 118. The electric function of the flipper has 
always remained the same for all brands. One general diagram is sufficient. See Figure 
119. A flipper coil actually consists of two coils, which have been wound together around 
ene single core: one coil wound with thick wire and a low resistance and therefore very 
powerful, and one coil wound with thin wire and a high resistance and therefore very little 
power. These two windings join at the middle connection of the coil. The coil consisting 
of the wound thin thread is bridged by an end of stroke contact on the flipper mechanism: 
"short circuited" (see chapter 7C). 
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Fig. 118 Various flipper mechanisms 
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When the flipper button is pushed in (assuming the machine is not on tilt, game over or in 
the starting cycle), the circuit to the low resistance coil is closed. The magnetism, 
developed by this solenoid, pulls the metal plunger tightly into the core. The flipper is 
moved over a lever mechanism. When the flipper reaches the end of this stroke, then the 
end of stroke contact is opened. The bridging of the high resistance coil is then absent. By 
this the two (intertwined) coils will then become connected in series. This means that a 
considerably loss of force occurs, but as force is only needed for movement, this is not 
noticeable. The high resistance coil absorbs a substantial part of the current over the main 
coil, and in this manner prevents the overheating and burning out of the coil when the 
flipper button remains pushed in for a long time. 


34-A Tips and defects: Flipper mechanism 


a. How is the coil When we look a little closer at the 
connected ? coil, we will find that the thin and — 
_ thick winding come together at the 

middle connection ; on one of 

outside lugs only the thin winding, 

and on the other only the thick 

winding. Inside the machine there 

are the following wires: two from 

the end of stroke contact, one 

from the flipper button, and one 

supply wire (often double) which 

runs along various other coils. To 

the middle connection of the coil 

one of the wires from the end of 

stroke contact (which of the two 

does not matter) is attached. To 

the connection lug where the thin 

winding winds up, the (possibly 

double) supply wire and _ the 


$s 


& 
ia 
VIE re 

Tr 
«a 
FLIPPER 
Burron 


S ‘ second wire from the end of 
Ks Ss stroke contact are attached. 
Qs aS Finally, the wire coming from the 
x s6 flipper button is attached to the 

2 connection lug, where the thick 


winding from the coils winds up. 
Fig 119 Flipper contact 


b. Flipper coil burns up End of stroke contact does not open. Sometimes this is 
or becomes very hot caused by the part of the mechanism that should open the 
contact being broken. Wires on the coil maybe connected 
incorrectly ? See point a. The flipper mechanism does not 
move smoothly: coil is loose, mounting piece is loose or 

broken, flattened end of the plunger. 
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Powerless flipper. 


Flipper does _ not 
return to _ resting 
position. 


Flipper buzzes. 


Flipper rattles. 


Flipper does not fall 
back completely when 
button is released. 
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End of stroke contact remains opened, is dirty, has no 
contact pressure or opens too soon. A broken contact 
blade also happens quite often. Loose wire on the coil, or 
the end of stroke contact. With Williams and Gottlieb: 
torsion spring around the flipper bearing is hitched too 
tight. Also check whether the correct coil has been 
mounted. Flipper bearing (a nylon bearing bush which 
sticks through the playfield) is loose, or torn ; the flipper 
then often scrapes over the playfield. 

Electrical cause: (flipper can not be pushed back): contact 
of the flipper button remains closed. Contacts severely 
burned in, or button so dirty that it does not return by 
itself. Mechanical cause: (flipper falls back, when 
touched.): broken spring, loose coil, dirt on the plunger 
(metal pin which shoots into the coil) or dirt on the 
mounting slate which keeps the coil in its place. Also clean 
touching surfaces of plunger and slate, so: disassemble. 


- Broken or torn bearing (nylon bush which sticks through 


the playfield.) No play in the flipper axle: lever and flipper 
Squeeze on the bearing, unscrew lever and mount on the 
axle in such a way that the flipper can be moved 
approximately 1/16 of an inch up and down. 

Worn out sleeve (interior solenoid); worn out mounting 
slate on the bottom of the coil. Dirty or flattened plunger. 
Note well: this defect is annoying, but has no adverse 
effects on your machine. 

When the flipper rattles back several times when the 
flipper button is pushed, and afterwards stays in the right 
position: replace the mounting slate on the bottom side of 
the coil, adjust the end of stroke contact (34B, point a) 
and check whether the plunger has not been flattened in 
the solenoid. | 
Plunger spring (or, if present: torsion spring around the 
bearing) broken. Not sufficient vertical play in the flipper 
axle (see point d). Particularly in Bally flippers up to and 
including 1975: the ‘spot welds with which lever and hub 
have been attached to each other often tend to rip. 
Disassemble lever, and weld to hub again, or renew entire 
lever. 
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_ Trembling flipper 
(continuously) 
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As soon as the end of stroke contact opens, the coil falls 
free from voltage, the flipper falls back: the end of stroke 
contact closes again. This makes the coil pull tight and all 
this repeats itself: Careful: this can make the coil rapidly 
burn. Cause: defect flipper coil, loose wire on the coil or 
end of stroke contact. Has the proper spring been 
installed? An overly tight spring can also cause this. 


34-B Replacing parts and adjustments to the flipper mechanism 


a. 


b. 


Cc. 


Adjusting the end of 
stroke contact 


Adjusting position of 
the flippers. 


Replace coil 


Bend the end of stroke contact in such a manner that when 
the flipper is activated the contact points are 1/16 to 3/32 
inch apart. When the flipper returns to resting position the 
long contact blade should push the short contact blade 
away approximately 1/16 inch. Make sure this contact is 
really clean. 

By loosening the (hex) bolts in the flipper lever the 
position of the flipper can be adjusted. Place the flipper in 
the desired position, and fasten the (hex) bolts again. In 
many machines the manufacturer has indicated the 
recommended position on the playfield: either by a notch 
in the design, or by a little "dent" in the wooden surface of 
the playfield. 

All brands: unscrew the mounting brace on the bottom of 
coil, and remove this. Pull the coil back so it hangs free. 
Undo soldered wires. Attach the new coil to the mounting 
brace again and screw tight real well. Solder wires unto 
the coil, as described in Chapter 34-A, point a. 
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d. 


Replace spring. 


Replace Lever 
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Bally: loosen the (2) hex screws in the flipper lever. Pull 
the flipper out of the playfield (while at the same time 
holding the lever). When the flipper is out, the lever will 
hang free. Pull the plunger from the coil (hold the old 
spring while doing this). Remove spring from plunger. 
Slide the new spring unto plunger, and reassemble 
everything in reverse order. While fastening the hex 
screws, make sure flipper is in correct position on the 
playfield, and has approximately 1/16 inch vertical play. 
The flipper must be able to move about 1/16 inch up and 
down. Williams and Gottlieb: Loosen screw on the flipper 
bearing, underneath which the eye of the torsion spring 
has been attached. Remove flipper lever by loosening the 
bolts (with Gottlieb: hex bolts) in lever, and pulling the 
flipper out of the playfield. Remove old spring. Put new 
spring into position (Careful: left and right differ !) and 
reassemble everything in reverse order. When torsion 
spring has been attached under bearing screw, wind other 
side of spring around: bearing twice, and hook up to lever. 


_ When spring is too loose or too tight, place eye of spring 


under another screw of the bearing bush. In later types of 
Williams flippers instead of a torsion spring a pressure 
spring has been attached to the plunger. This can be 
replaced in the same manner as a Bally spring. When 
assembling Williams and Gottlieb flippers: watch the 
position of flipper and vertical play on the flipper axle. 
Undo lever as described above in point d. Make sure you 
use the correct model, when installing a new lever: left and 
right differ. When plunger needs to be removed or 
attached to lever: with Williams it has been attached to 
lever by means of a locking spring, with Bally and Gottlieb 
a locking pin has to be removed: use a punch to knock 
locking pin from plunger. When reassembling again, check 
whether plunger can hinge unhindered on lever, after 
knocking locking pin back into place. 
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f. 


2. 


h. 


_ Replace plastic flipper 


Replace bearing bush. 


Replace fiber washer 
plate 
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Bally and Williams: short and long flippers ; Gottlieb: long 
flippers: undo (hex) bolts, with which flipper axle has been 
clasped into lever, and pull flipper from playfield. The 
plastic flipper has been attached on its bottom side by one 
screw to the support under it (part attached to the flipper 
axle). Lift old flipper off bottom plate. Place new flipper 
and screw into position. Stick axle through the playfield 
again and mount the lever. Watch correct position of 
flipper, and allow for approximately 1/16 inch vertical play 
in the axle. Do not forget flipper rubber. Gottlieb short 
flipper: this is the simplest one. Undo screw attached to 
top side of the flipper. Remove flipper, place new flipper 
and screw into place again. | 

With Gottlieb and Williams this has been screwed into the 
wood, with Bally into the flipper frame. Assemblage and 
disassembly remains the same. Remove lever (see point e). 
Undo the (3) screws, which hold bearing into its place. 
Pull flipper from playfield and remove bearing. Place new 
bearing bush and fasten on with the screws. Stick flipper 
axle through bearing and assemble lever as described 
before. 

Bally: onwards from 1975, Williams and Gottlieb: 
disassemble lever as described under point e. Loosen fiber 
plate from lever, by removing locking pin. Knock pin from 
plunger with punch. Place new fiber plate and knock pin 
(preferably a new one) back into plunger. Check whether 
fiber plate hinges well in plunger. Reassemble in reverse 
order. In Bally flippers from before 1975 the plunger has 
been attached directly to lever, and so no fiber plate has 
been installed. 
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34-C The Bally flipper-zipper mechanism. 


This is a Bally invention, first used in "Bazaar" (1966). Well-known machines with these 
"open and shut" flippers are: "Capersville", "Dogies", "Cosmos", "Four million BC." and 
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Fig. 120 Bally “flipper-zipper" mechanism 
"Fireball". Figure 120 shows this rather complex construction. The flipper mechanisms 
themselves do not differ from the regular ones, but one mechanism has been added. An 
extremely strong solenoid activates a sliding mechanism, which makes the entire flipper 
mechanisms hinge inwards: the distance between the flippers is considerably shortened in 
this way. When the sliding mechanism is completely activated, a hook-shaped plate falls 
over a nylon ridge on the slide, and so prevents the mechanism from retracting. The hook- 
shaped plate itself can be lifted by means of a coil. When this happens, the sliding 
mechanism returns to its original position. The distance between the two flippers has then 
been normalised again. To make all this operate correctly a relay circuit is needed. The 
diagram for this can be seen in Figure 121. The problem lies in the slowness of the system: 
the "close flippers" solenoid needs a relatively long time to close the flippers completely. It 
functions as follows: when the target "close flippers" is hit on the playfield, the close 
flippers target relay is activated, and remains activated over its hold switch and the end of 
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stroke NC switch of the flipper-zipper unit (which opens when the flippers are completely 
closed). A NO switch of the close flippers target relay activates the powerful solenoid, 
which closes the flippers. This circuit is interrupted when the flippers have already closed: 
the NC switch of the closed flippers relay then prevents its function. When the flippers 
have completely closed, and the close flippers target is no longer closed, the closed 
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Fig. 121 Flipper-zipper diagram 


flippers relay is activated. A NO switch 
of this relay ensures that it does not 
come loose again when the close 
flippers target is hit once more. Note: 
the close flipper solenoid is now in 
resting position and the flippers are 
held closed mechanically. When a NO 
switch of the reset relay, the tilt relay 
(older types: NC switch of the hold 
relay), the outhole relay or the open 
flippers target relay closes, the "open 
flippers" coil is powered over the 
closed end of stroke contact of the 
flipper-zipper mechanism. The hook- 
shaped plate is lifted, the nylon ridge 
falls free and the large central spring 


makes the mechanism retract. One more remark about the open flippers target relay: this is 
powered when one of the "open flippers" targets on the playfield is hit. The relay remains 
activated over its hold switch, for as long as the closed flippers relay falls free: so when 
the flipper-zipper end of stroke contacts switch back because the mechanism has retracted. 
Note: the relays mentioned in this description are only examples: in practice the relay 
names may differ; this varies per type. Williams too developed such a mechanism once (in 
1968), but in spite of the fact that it functioned better than Bally's Williams apparently did 
not consider it a success: it was only applied in a few types: ("Student Prince" and 


"Doozie"). 


34-D Defects in the flipper-zipper mechanism. 


a. Defect flippers 


b. Flippers do not 


close. 


See Chapter 34B. It should be remarked that loose wires on the 


flipper coils occur often in flipper-zippers. When Opening and 
closing the zippers the coils always move along with them too. 


Check the 1.5 Ampere fuse, which has been mounted on the 


bottom of the playfield near the flipper-zipper mechanism. NO 
switch of the relay that closes flippers (target) is dirty or does not 
close. NC switch on the closed flippers relay remains open, or is 
dirty. End of stroke (NO) contact of the flipper-zipper unit 
remains closed. Large closing solenoid defect. 
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c. Flippers close, 
but instantly (or 
due to vibration) 
fall open again. 


d. Flippers do not 
open. 
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Open flippers coil with corresponding hook-shaped plate has 
been mounted adjustable. Possibly adjusted incorrectly. Adjust as 
follows: push the (rectangular) plunger completely into the close 
flippers solenoid. The hook-shaped plate of the open flippers coil 
will then at one point fall over the nylon ridge. After this 
happens, you should be able to push the close flippers plunger 
another 1/8 inch into the solenoid. Spring on open flippers coil 
(hook-shaped plate) loose or broken. Closed NO switch on the 
reset-, tilt-, outhole- or open flippers target-relay. In older types: 
closed NC switch on the hold relay. 

End of stroke (NO) contact of the flipper-zipper unit does not 
close, or is dirty. Open flippers coil defect. Large (central) spring 
in the mechanism is broken. 


 34-E Replacing parts in the flipper-zipper mechanism. 


a. The flippers 
themselves. 


b. Replace open 
flippers coil. 


c. Replace close 


flippers solenoid. 


See Chapter 34B. Exception: when an old type of flipper coil (E- 
184-190) is installed -which consists of two layers (with 
partition)- a corner should be cut out of the left upper- or night 
upper corner of the cardboard plate of the coil. When fitting the 
coil in, it becomes obvious where exactly this should be. 

Loosen the bolt, which is turned into the core of the coil, to 
attach it to the mounting plate. Pull the coil away sideways and 
undo soldered wires. Mount the new coil (do not forget isolating 


- paper) and solder wires back on. 


Remove entire open flipper coil and mechanism, by unscrewing 
the bracket this has been mounted on, from the base plate (2 
screws at the right of the close flippers solenoid). Remove the (4) 
screws, with which close flippers solenoid has been mounted to 
the base plate. Pull the solenoid backwards from the plunger. 
Attach the new coil, and resolder wires. Place the open flippers 
coil and bracket back and readjust them (Chapter 34-D, point c). 


35. Playfield components: the bumper. 


Almost every pinball machine has one or more: the bumper. Bally calls them "thumper 


bumpers", Gottlieb "pop bumpers" and Williams " 


jet bumpers", but the construction and 


operation -apart from minor details- are completely identical. However, in the electrical 
operation a few things were altered: in 1972 Williams introduced the DC. bumper 
(onwards from "Fan-tas-tic"). This system was copied by Bally in 1975 (onwards from 
"Hi-Deal"). Gottlieb, the most "conservative" pinball machine manufacturer, always 
continued to use the old relay control system. Figure 122 shows the bumper as used by 
Bally until 1970. After this, the mounting bracket for the coil, and the contact ring which 
operated the bumper contact were altered. From then on the bumper construction of all 
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brands were identical (apart from the bumper lids, the "visiting card" of every 
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Fig. 122 Bumper Bally - 1970 


Fig. 123 Bumper circuit 
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manufacturer). The electric operation 
of the bumper is shown in Figure 123. 
When the ball hits the bumper, the 
(usually plastic) ring on the bottom of 
the bumper is pushed in. This ring is 
called "the skirt". Under the playfield 
the movement of this ring makes a NO 
switch close. This activates the bumper 
relay, and remains activated over its 
hold switch and the (still closed) end of 
stroke NC switch on the bumper 
mechanism. Over a NO switch of the 
bumper relay the score is activated, 
over another NO switch of the bumper 
relay the bumper solenoid is powered. 
This causes the plunger to be pulled 
into the solenoid, and the steel "stroke 
ring" to come down forcefully. As this 
ring is sloped in the place where the 
ball is hit, the ball will be cast away 
sideways. When the stroke of the ring 
has completed, the end of stroke 
contact will open. This will activate the 
bumper relay, and the circuits are all 
interrupted: the signal to the counter 
and the bumper solenoid are both 
switched off. Particularly in older 
machines you will find that bumpers 
that score identical points are 
sometimes connected in parallel : they 
Operate the same bumper relay and 
both bumper solenoids are 
simultaneously switched on over two 
NO switches of that relay. Bally 
flippers from before 1970 have special 
bumper coils, and an extra end of 
stroke contact: the operation of which 
is identical to the (doubly wound) 
flipper coil (Chapter 34). 


35-A. DC. bumpers 


In 1972 Williams invented the DC. 
bumper, in 1975 Bally adapted it. For 
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its Operation we have to return to Chapter 3: where the two kinds of current are 
discussed: the alternating current (AC.) and the direct current (DC.). The advantage of 
operating a solenoid by DC. is that it will be activated faster and more powerfully: in a 
solenoid operated by AC. the magnetic north- and south-pole switch many times during a 
second (simultaneously with the frequency 
+ of the AC. -in this case: 50 or 60 times per 
second-). This leads to loss of power: as 
with every "switch" the magnetism 
disappears for a bit. In a solenoid operated 
by DC. this phenomena does not occur. 
To turn AC. into DC. we need so-called 
"diodes". These are electric switching 
elements that behave like a valve: the "+" 
is only left through in one direction, the "- 
Fig. 124 Diode diagram symbol, operation "only in the other. Therefore they are 
called "semiconductors". Figure 124 
shows the diagram symbol, and explains its operation. The diode has an arrow with a line 
for a diagram symbol. This line is also marked on the outside of the diode, and so shows 
the direction the current is allowed to pass. A positive current (+) can pass through in the 
arrow direction of the diode; the reverse is impossible: we then say that the diode blocks. 
To make AC. into DC. we need 4 diodes that are connected as shown in Figure 125. The 
AC. is passed on to two opposite diodes. When the entrance at a certain moment is "+", 
this will be led by the conducting diode to the "+" exit; the diode placed in the direction of 
the "-" exit then blocks. When the entry pole becomes "-" the diode in the direction of the 
"+" exit will block, and that in the direction of the "-" exit will conduct. The other AC. 
entry works identically, but naturally always has the reversed polarity. In this way the 
polarities on the "+" and "-" exits are always 
constant: DC. in other words. The rectifying 
circuit with 4 diodes is applied so often that they 
are available cast into one housing: this is called 
a "bridge rectifier". This is also applied in pinball 
machines; we find it underneath the playfield. 
When DC. is applied, the bumper is activated so 
incredibly rapidly that the bumper relay is no 
longer needed: the coil of the bumper is directly 
operated by the NO switch of the bumper 
contact ring. This contact is equipped with 
special extra heavy duty contact points for this Fig. 125 DC switch 
purpose. In later Bally flippers with DC. 
bumpers a diode has been placed (contra) over the coil. This is done to suppress an 
electric phenomena called "induction". Because of this the bumper contact will spark less. 
When you replace such a coil (the diode is mounted on the coil between the two lugs) you 
should pay close attention to solder the wire coming from the bumper contact to the lug 
on which the side of the diode with the stripe is situated. To realise the score, the DC. 
bumpers have an end of stroke NO switch. 


LONDUCTS 


w 
m 
g 
Q 


DIAGRAM SYMBOL 


Out Pur 


ourPurT 


143 


Pinball Machine Maintenance 


35-B Tips and defects bumper mechanism 


a. How is the coil 
connected ? 


b. Bumper does not 
function. 


c. Bumper is 
activated and 
remains that way. 


In bumpers with relay control (Williams before 1972, Bally from 
1970-1975 and all Gottliebs), that have only two connections to 
the solenoid, it does not matter which wire is connected left or 
right. In Bally machines up to and including 1969 solenoids with 
3 poles are used. Then the bumper has an extra end of stroke 
contact. The mass wire (which passes all coils) and the wire from 
the bumper relay each go to one of the outside lugs of the coil. 
The wires from the end of stroke contact are respectively 
connected to the middle connection on the coil, and to the lug 
where the thin coil winding winds up (together with one of the 
aforementioned wires). In DC. bumpers: when a coil with a diode 
is used, the mass wire (which passes all DC. coils) goes to the 
lug that the stripe on the diode points to. In all other DC. coils 
the + and - connection makes no difference whatsoever. 

Check whether the NO switch under the playfield, which is 
operated by the contact ring (skirt), is working. This contact has 
a dish shape (except in Bally machines up to and including 1969). 
The plastic pin, which is moved by the contact ring, should be 
precisely in the middle of the dish, when it is in the resting 
position. The position of the dish contact can be adjusted by 
loosening the screws somewhat that hold the bracket on which 
the contact has been mounted. The bracket can then be moved. 
Place it in the correct position and then fasten again. When 
properly adjusted, the dish NO switch should close as soon as the 
contact ring is pushed in, regardless of in which direction. When 
the bumper relay does become activated, but the bumper does 
not function: NO switch on the bumper relay does not close, or is 
dirty. Or: bumper solenoid defect. In DC. bumper: NO switch 
(dish contact) under contact ring dirty, or does not close. When 
all bumpers fail: check fuse under the playfield near rectifier. 
Careful ! When the bumper solenoid is activated longer than 
approximately 30 seconds, there is a risk of burning the coil. 
Cause: closed (dish) NO switch under the contact ring. End of 
stroke NC switch does not open when the bumper has completed 
its stroke. Note: when two bumpers are connected, and so 
should be activated simultaneously, then check the end of stroke 
contact of the other bumper as well. Check the NO switches on 
the bumper relay. | 
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d. Weak bumper. 


e. Bumper scores no 
points. 


f. Bumper 
spontaneously 
pushed in: at 
same time as 
other bumper, or 
for no reason. 
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NO switch (dish contact) under the contact ring open too wide. 
NO switch on the bumper relay closes too late. With Bally up to 
and including 1969: extra end of stroke contact (connected to the 
solenoid) remains open, or is dirty. Bumper mechanism does not 
work smoothly: is the plunger clean? Are the connecting plates 
between plunger and stroke ring pins broken? Has one of the 
nuts from the (2) stroke ring pins broken off? Has the stroke ring 
itself torn loose from its pins? Solenoid may be loose: 
undersupport broken off. Replace mounting bracket in this case. 
When all bumpers and slingshots are weak, or have little power, 
it is possible to increase the circuit current: switch machine off 
(unplug mains plug). Loosen the supply wire on the transformer 
(with Bally: 50 Volts wire, Williams and Gottlieb respectively 24 
and 25 Volts) and connect this to the (empty) connection next to 
it (High or High Tap). Also check whether the transformer has 
been correctly connected for your mains voltage. In DC. 
bumpers: when all bumpers and slingshots have no power: defect 
rectifier. | | 

NO switch on the bumper relay does not close, or is dirty. In DC. 
bumpers: end of stroke NO switch is dirty, or does not close. 
The score circuit often operates over SPDT switch(es) of other 
relays: for instance to make the bumper alternately score 100 and 
1000 points. Check this circuit too. Particularly in older machines 
the contact plate of the match unit is used for this purpose. 

The (dish) NO switch under the contact ring is adjusted too 


critically . Between the contact points of the dish contact and the 


short contact blade (that together constitute the NO switch) 
leave approximately 1/32 to 1/16 inch space. In bumpers that 
have been connected in parallel check both. 


35-C Replacing parts of the bumper mechanism. 


a. Replace coil 


In Bally up to and including 1969: undo the screws of the 
bracket on the bottom side of the coil. Remove the bracket. Pull 
the coil downwards. Place new coil and screw it in its place. 
Solder the wires on to the new coil. In all other brands and 
construction years: Loosen the (2) screws or bolts that have been 
attached halfway down the back side of the bumper frame. Now 
loosen the screws that attach the frame to the playfield (Later 
types Bally and Williams: 3 nuts). Then pull the frame plate down 
until it comes loose. Pull the coil down until it hangs freely. Place 
new coil. Reassemble frame in reverse order. Solder the wires 
over to the new coil. 
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b. Replace contact 
ring (skirt). 


c. Replace stroke 
ring. 


d. Renew bumper 
frame plate. 
e. Renew spring. 


f. Replace | 
connecting plate 
between stroke 
ring pins. 
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Turn the two nuts off the stroke ring pins (under playfield, over 
the plunger). Pull the two plates (fibre and metal) which are 
placed between the stroke ring pins down, so the stroke ring 
pins come free. Solder (under the playfield) the wires off the 
lamp fitting, and bend the fitting connections straight. Remove 
the lid of the bumper housing, by undoing the two screws (in 
later Gottlieb types this is a clasped lid). Now loosen the two 
wooden screws with which the bumper housing has been 
attached to the playfield. Gently pull the bottom plate from the 
bumper housing (careful with the spring that comes out of it). 
The contact ring (skirt) can now be removed. Place new ring, 
and disassemble everything in reverse order. Do not forget to 
readjust the dish contact once more. 

Act precisely as under b. After the skirt is removed, the stroke 
ring can be removed. One exception are Williams machines from 
1975 onwards: the bumper housing is so narrow on the top side, 
that the stroke ring can be lifted over it. It then suffices to 
remove the two nuts from the stroke ring pins, and -after 
removing the bumper lid- pull the stroke ring upwards out of the 
playfield. 

See under point a. ("remove coil") how to remove the entire 
frame plate. 

Loosen the (2) screws (or bolts) which are attached halfway 
down the back side of the frame plate. Loosen the screws (or 
bolts) with which the frame plate is attached to the playfield. Pull 


_ the frame plate loose. Pull the solenoid loose. The spring is now 


locked in the connecting plates of the stroke ring pins and a (now 
loose) bracket. Remove the bracket by tilting it over and pulling 
it down. Careful with the spring! Place the new spring, hook the 
bracket back up and reassemble everything in reverse order. 

Act as described under point e. ("renew spring"). After removing 
the spring now also turn loose the two bolts on the bottom side 
of the stroke ring pins. The plunger and plates can now be pulled 
loose. The plates have a sort of "keyhole" which is slid over the 
head of the plunger. By moving them sideways the plates can be 
loosened. When renewing the plates, make sure the metal plate is 
placed on top of the fibre plate and not the reverse. 


35-D The standard bumper / Mushroom bumper. 


In many machines from the 60's bumpers appear without stroke mechanism. Actually these 
are just regular contact makers that close a NO switch. The operation of the NO switch is 
precisely the same as in the bumper with stroke mechanism, so also with peg and dish 
contact. Another bumper variant is a Bally-invention, which was never imitated by 
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Fig. 126 Standard bumper Fig. 127 Standard/mushroom bumper: operation 
any other brand: the mushroom bumper. A coloured plastic mushroom has been attached 
inside a housing, and constantly pushes down on a NC switch (mounted under the 
playfield), so the contact is open continuously. When a ball hits such a mushroom, the 
"hood" is lifted up, which also makes the pin that pushes down the NC switch come up. 
The NC switch springs up and closes. When the ball leaves mushroom bumper, the hood 
drops back, and the contact is opened again. Figure 126 shows the design. of the standard 
bumper, Figure 127 shows the operation of the standard- and mushroom- bumper. 


36 Playfield components: the slingshot. 


The slingshot (catapult) is one of the longest used playfield components, and can be found 
in practically every pinball machine. The operation is very direct and simple: when the ball 
hits the rubber belt, a NO switch is closed. This powers a solenoid, which -over a lever 
mechanism- makes a little hammer hit strongly against the rubber belt, which makes the 
ball glance off rapidly. Figure 128 shows the slingshot mechanism. This is the Bally 
mechanism, but the construction of the other brands is virtually the same. The same 
mechanism is sometimes uses to launch a ball from a "lane", as for instance in "Nip it", 
"Big Valley" (Bally), "Oh Boy", "Aztec" (Williams), and "Bronco" and "Magnetron" 
(Gottlieb). The simple standard diagram for the connection of the slingshot (behind a 
rubber belt) is shown in Figure 129. The lever of the slingshot mechanism also activates a 
NO switch. This is to activate the score. Just like the bumpers described in the previous 
Chapter, the later machines (Williams starting from "Fan-tas-tic" 1972, Bally starting from 
"Hi-Deal" 1975) the slingshots operate on DC. More information on DC. circuits in 
Chapter 35-A. | 
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36-A Tips and defects: Slingshot mechanism. 


a. How is the In AC. slingshots, and 
solenoid DC. slingshots without 
connected ? diode on the coil it makes 


no difference how the 
wires are attached. If there 
is a diode on the coil, the 
mass wire (which passes 
all DC. coils) leads to the 
lug the stroke on the 
diode is pointing to. 

b. Slingshot does Contacts behind the 
not work. rubber belt do not close, 

or with great difficulty. 
Between the two contact 
points of each contact, 
there should be 
approximately 1/8 of an 
inch space. When all 
slingshot- and bumper- 
coils (in DC. circuit) fail: 
check the fuse which is 
located near the bridge 
cell under the playfield. If 
in order, check operation 
of the bridge cell as well. 

c. Slingshot rattles Contact(s) behind the 
or remains rubber belt are adjusted to 
activated. tightly, or even closed. 

Readjust, so there is 1/8 of 
an inch space between the 
contact points. 

d. Ball regularly Rubber belt too _ slack. 
runs under Renew belt, possibly pick 
slingshot rubber. a2 somewhat smaller size. 

Then you must readjust . 
the contacts, however. 
When the problem stays, 
attach a second rubber 
belt: the first through the 
notch in the plastic poles, 
the second lower, under 
the first belt. 


Fig. 128 Slingshot mechanism 
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36-B Replacing parts of the slingshot. 


a. Removing the 
complete 
mechanism. 


b. Renewing the 
solenoid. 


c. Replace lever. 


d. Replace spring. 


Solder the wires loose from 
the coil. Loosen the screws, 
which mount the frame to the 
playfield (possibly remove 
end of stroke contact first). 
Remove rubber belt (on the 
playfield).Tilt the complete 
mechanism 90 degrees, so 
the hammer part can be 
lowered through the 
playfield. Now pull 
everything down. 


Socewolod 


SLINGSHOT 


Fig. 129 Slingshot diagram 
Bally up to and including 1969: loosen the two screws, that 
attach the mounting ridge (coil stop) to the bottom side of the 
coil. Remove the ridge, pull the coil free. Solder the wires loose. 
Assemble new coil in reverse order. Bally starting from 1970, all 
Williams and Gottlieb types: remove the two screws (and 
possibly two nuts) which have been attached halfway down the 
back side of the frame. Remove the screws, that attach the frame 
to the playfield. The solenoid can now be pulled loose. Solder the 
wires over unto the new coil and reassemble it in reverse order. 


In many types the lever has been riveted on its pivoting point to 


the frame. Sometimes a bolt or locking spring is used there too. 
In the riveted types the whole frame and lever must be renewed. 
In the types with bolt or locking spring: remove entire 
mechanism (as described under point a). Loosen solenoid with 
frame. Loosen bolt from the pivoting point (or remove locking 
pin) and pull pivoting spring from the frame. The lever and 
plunger will now come loose. If necessary, knock the locking pin 
from the plunger (with a punch). Mount new arm and reassemble 
everything in reverse order. 

Remove the solenoid as described under point b. The plunger is 
now free. Remove old spring, place the new one and reassemble. 
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37. Playfield components: the hole ejector. 
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This is a hole in the 
playfield, that the ball is 
after some time ejected out 
of. A playfield component 
that is liable to many 
applications: holding a ball 
in multiball machines (Bally 
"Capersville", "Four Million 
BC" etc.) or for scoring a 
number of (bonus) points, 
after which the ball is 
returned to play ( often in a 
cunningly chosen direction). 
The construction of the 
mechanical part radically 
differs with Bally. Williams 
and Gottlieb use practically 
the same mechanism. Figure 
130 shows both 
mechanisms. Once more it is 
a simple principle: a 
solenoid pulls a steel pin 
(plunger) inside. This 
movement is passed on by a 
lever to a bent arm, that 
"spoons" the ball from the 
hole. As a hole ejector can 
be used for various 
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purposes, a standard electric diagram can not be given. In practice the circuit to the 
solenoid is closed by the "hole"- or "eject"- relay, and one of the score motor contacts. 
Gottlieb also used the hole ejector for ball return. Bally did this too up to and including 
"Mariner" (1971). After this they switched over to the system of the "ball return kicker" as 
Williams had been using since 1966. Figure 131 shows this mechanism. The principle of 
the ball return kicker is almost the same as that of the hole ejector: the magnetic force of 
the solenoid is converted into a sideways movement, that “kicks the ball off" into the 
return lane. A variation on the hole ejector is the "multi hole" ejector. In this the solenoid 
activates several (sometimes even 4) ejection spoons of adjoining holes, that have been 
connected to each other (Gottlieb "Snow Queen", "Kings and Queens"). Sometimes the 
ejection mechanisms have been placed diagonally, so the ball is ejected into the next hole 
each time. 


37-A Tips and defects: hole ejector. 


a. How is the As the solenoid of the hole ejector is operated on AC., it makes 
solenoid no difference which connection lug is used for mass wire and 
connected ? which for the switch wire. | 

b. How should the The way the contact is made (by the ball) is rather different in the 
contact be various brands, but in all cases a NO switch is closed. With Bally 
adjusted ? ( all construction years) it happens by a small metal button in the 


bottom of the hole. With Williams (older types) the ball pushes 
down a bent-over contact blade, in the beginning of the 70's 
Williams also adapted the button in the hole. Gottlieb kept using 
the old Williams system until 1973. From 1973 onwards Gottlieb 

introduced a special construction: the bottom of the hole was 
made of coloured, transparent plastic, with a pivoting part of the 
same material in it. The ball pushes down the bottom of the hole 
and makes contact in this way. The adjustment of the hole NO 
switch must be such, that the contact points are approximately 
1/16 inch apart, when in resting position. When pushed down by 
the ball, the long contact blade should push the short blade in at 
least 1/32 inch. When adjusting, make sure the longer contact 
blade bends lightly enough, for the weight of the ball to activate 
the contact. 

c. When ballends Hole NO switch does not close, or is dirty. Connect the contact 
up in hole, blades for a moment, to test whether the defect is in the contact, 
nothing happens. or in the circuit of the hole (eject) relay. When the hole relay is 

activated but nothing else happens, see under point d. When the 
hole NO switch is properly adjusted, but the ball does not 
activate it, check whether the button in the bottom of the hole 
can be pushed in by the weight of the ball. Also check whether 
the two plates (or pins) standing up in the bottom of the hole, are 
intact: their function is to make the ball lie in the hole in such a 
manner that it always leans on the contact. Check score motor in 
resting position. 
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2. 


Hole (eject) relay 
is activated, but 
nothing else 
happens. 

Hole ejector 
works, but ball is 
not ejected from 
the hole. 


Ball is ejected in 
wrong direction. 


Ejection spoon 
remains in 
upward position. 


FRAME 
Fig. 131 Ball return kicker Bally (from 1972), Williams 
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PLUNGER 


Check whether the NO switches on the hole- or eject- relay are 
working. When bonus points have to be added on when the ball 
is in the hole, also check the contacts of the bonus relay and the 
neutral position contacts next to the cogwheel of the bonus unit. 
The ejection spoon consists of two halves, which are connected 
by a spring. When this spring breaks, or comes loose, the ejection 
part of the spoon will not move simultaneously with the other 
half (connected to the plunger). The pivoting point of the 
ejection spoon can be found under the playfield. Check this for 
breakage. The cause can also be electrical: the impulse for the 
ejection solenoid usually comes from a score motor contact. 
When this contact is badly adjusted (points too far apart), the 
impulse will be too brief: the ball falls back into the hole. 

If direction is different each time: check the two pins or the two 
plates that are standing up in the hole. If these are broken or 
strangely bent, the ball will be ejected from the hole with "effect". 
When the ejection is correct, but the ball runs in wrong direction 
(for instance, exactly between the flippers), this can be somewhat 
corrected by bending the top of the ejection spoon a little (a 
fraction of an inch). Make sure the spoon can fall back properly 
into the cut-away in the bottom of the hole. 

Check whether the solenoid is still well attached. Check the 
spring: (Williams and Gottlieb: on the plunger, Bally: hooked on 
to the head of the plunger) that pushes the plunger back. Is the 
ejection spoon moving freely through the hole in the bottom of 
the hole ? Also check whether the pivoting point of the ejection 
spoon has broken or loosened itself from the playfield. 
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37-B Replacing parts of the hole ejector. 7 


a. Replace solenoid. 


b. Replace ejection 
spoon. 


c. Replace pivoting 
point. 


Bally: replace the two screws that attach the mounting bracket to 
the back side of the solenoid. Remove the mounting bracket. Pull 
the solenoid backwards until it comes loose, and solder wires on 
to the new coil. Reassemble in reverse order. Williams/Gottlieb: 
remove the (2) screws and bolts which are attached halfway 
down the back side of the mounting bracket (frame). Lift the coil 
up, until it comes free from the slate on the bottom side of the 
frame. Then lift the coil sideways off the plunger. Watch the 
spring and the unscrewed mounting plate on the plunger. Solder 
the wires from the coil over to new coil. Place spring and 
mounting plate on the plunger. Place new coil on the plunger and 
lower it unto the ridge of the frame. Screw the mounting plate 
back on to the frame, with the two bolts and nuts. 

Bally: unscrew the NO switch under the playfield, that runs over 
the bottom of the hole mechanism. Unscrew the entire hole eject 
mechanism from the playfield and solder the wires off the coil. 
On the side of the eject mechanism there is a locking spring 
which holds a thin axle (along which the ejection spoon pivots) 
into place. Remove this locking spring, and pull the axle back 
from the other side. The ejection spoon will now fall free. Place 
new spoon and stick the axle back through the holes intended for 
this. Place locking spring back. Reassemble in reverse order. 
Adjust contact again. Williams and Gottlieb: loosen the screws 


that attach the pivoting point of the ejection spoon to the 


playfield. (Sometimes a contact needs to be removed in order to 
achieve this.)The ejection spoon and plunger can now be 
removed in its entirety. Watch the spring that is slid over the 
plunger, this will come loose. The plunger is attached with a fibre 
plate by a locking spring to the spoon. Remove the locking 
spring. Place the new spoon, and put the locking spring back into 
place. Slide spring over the plunger and place everything back 
into position. Screw the pivoting point back on. 

Only in Williams and Gottlieb: remove the ejection spoon, as 
described in point b. The pivoting point has been stuck through 
the ejection spoon and locked by a clasp spring. Remove the 
clasp spring and pull pivoting point out. Place the new one and 
reassemble. Note: there are types, where the pivoting point has 
been riveted to the ejection spoon. In those cases the entire 
ejection spoon will have to be replaced. | 
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38. Playfield components: the up post (play more 
post). 


Although Chicago Coin already 
experimented once with a_ similar 
mechanism in the machine "Play Time" in 
1968, the "up post" really became popular 
when Williams introduced the famous 
Orange lit version in 1969 ("Cabaret"). It 
did not take long for Bally to pick up on 
the idea ("Camelot", "Galahad", 1970). 
Gottlieb apparently never thought much of 
it, as there are no Gottlieb machines with 
‘up post. Initially the Williams and Bally 
mechanism strongly differed from each 
other, but onwards from "Little Joe" (1972) 
the Williams construction was also used by 
Fig. 132 Post circuit Bally through 1972 Bally. The old Bally system was the 
simplest: the solenoid pulls the orange 

"post" down; this one has been directly attached to the plunger. The operation worked 
over a relay. The used diagram is printed in Figure 132. When the post solenoid is 
activated, the post solenoid is powered over a NO switch. The post relay is activated: over 
a NO switch of the tilt relay, a NO switch of the ball relay, and whenever the "down post" 
rollover button on the playfield is activated. The post relay remains activated over its hold 
switch, which is interrupted when the "up post" button (NC switch !) is activated. When 
the post relay is loose (so the post is up), over a (closed) NC switch of the post relay the 
lights of the post will be switched on. Furthermore, it needs to be mentioned that the 
"down post" solenoid is also powered during the reset cycle (over NO switch number 3 of 
the reset relay). This is to ensure that a possibly still present ball on the playfield can roll 
unhindered in the diréction of the outhole. As said, Bally switched over to the Williams 
system in 1972. The Williams system is very similar to the operation of an interlock relay 
(see chapter 5D). The large solenoid pulls the post down. Between the plunger and the 
attachment of the post a locking plate has been mounted. This is a nylon plate with two 
little arms (to prevent it from turning) and a flat hook-shape on the front side. When the 
post is completely activated, the relay plate that is in front of the smalk coil shoots loose, 
over the hook of the locking plate. When the current on the solenoid is switched off, the 
up post still remains down : the relay plate prevents the mechanism from coming up again. 
When the small coil is powered, it will pull the relay plate towards it - which releases the 
locking plate, and makes the post (because of the spring) shoot up. One of the arms of the 
locking plate operates a group of contacts: the "post end of stroke " contacts. The two 
coil post is also operated by a relay. Figure 134 shows the diagram. When the "down post" 
rollover ( button) is activated, the post relay will be activated and remain activated over its 
hold switch and the end of stroke contact (closed in the "up" position) of the post 
mechanism. Over a NO switch of the post relay the "down post" solenoid is activated. The 
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post is pulled down and so opens the end of stroke contact. This makes the post relay fall 
free again instantly. When the 


machine is_ "tilted", 


this same — 6 
Circuit is activated (over a NO 5 
switch of the tilt relay). When the : 
NO switch of the 
rollover button is closed, the up 
post coil is powered directly. 

A short impulse is sufficient : as 
soon as the relay plate operated by 
this coil is activated, the post 
mechanism will instantly jump 
back. An end of stroke contact of 
the post mechanism, which is 
closed in the "up post" position, 


“up post" 


OUTHOLE 
PosT 
E.0S. Sw. 
“UP POST” 
ROLLOVER 


“Down POET” 
ROLLOVER 


DOWN POST 
SOL. 


(o0ww) 
POST RE. 


< 


activates the lights in the post Fig. 134 Post circuit Wiliams, Bally from 1972 


when this is up. 


38-A Tips and defects: up post mechanism. 


a. Connecting the 
coil(s). 


b. Post does not 
- drop to down 
position. 


c. Post does not 
come up, or too 
late. 


The entire post system works on AC. Therefore it does not 

matter to which lug of the coil the mass- or supply- wire are 

connected. 

Dirt or a badly adjusted NO switch on the (down-) post relay. 

Down post solenoid possibly defect. Check whether the solenoid 

connections are supplied with current. End. of stroke contact of 
the post mechanism remains opened when post is up. 

Contact under "up post" rollover (or behind target) does not 

work properly. In Bally machines up to and including 1972 

(including "Mariner") this is a NC switch, in all other machines it 

is a NO switch. Down post keeps "sticking": disassemble the 

relay coil, by loosening the screw on the bottom side. Clean 
(sand) the head of the coil and the bottom of the iron relay plate 
which is activated by the coil. Place coil back and test again. Also 

check the spring of the relay. Post mechanism "sticks", or does 
not move smoothly: disassemble the "down post" solenoid by 
removing the (3) screws that attach the vertical frame to the 
mounting plate (containing the lights). Remove the (2) screws 
(and bolts) that attach the solenoid to the now removed frame. 

Clean the plunger. Clean the ridge on the frame. Clean the coil 
bush (interior). Reassemble everything in reverse order. Broken 
spring: check the spring placed directly under the orange "post". 

For replacement: see chapter 38-B, point d. 
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d. Post does not lock Interlock mechanism badly adjusted: the plate activated by the 


after going down. 


e. Post drops too 
deep, or stays too 
much up. 


f. Lights in post do 
not burn, but 
lamps are in 
order. 


g. Post keeps 
buzzing in down 
position. 


small coil should drop approximately 1/16 inch over the plastic 
hook, before the end of the down going stroke. This can be 
adjusted by somewhat loosening the (2) screws which hold the 
small coil (including the frame) into place. The entire frame, and 
small ‘coil, and coil plate can now be moved. Place in correct 
position and tighten screws. 

This will hinder the ball: when the post has dropped too low, the 
ball will stay in the "basin" that is created by this. When the post 
is up too much it is practically impossible for the ball to leave the 
playfield between the flippers. Easy to adjust: between the far 
end of the plunger and the peg on the post a nut has been 
attached. Loosen it. By turning round the orange post itself (hold 
plunger with pliers), it can be adjusted: turn clockwise to make it 
drop deeper, and counter clockwise to bring it more up. When 
correct position is achieved, fasten the nut. 

The lights in this post should only burn when post is up. In Bally 
machines up to and including 1972 a NC switch of the post relay 
operates the lights. Check this NC switch, adjust it and clean it. 
In later Bally types and all Williams types the lights are activated 
over one of the end of stroke contacts of the post. Of course by a 
contact that is closed when the post is up. Usually only one wire 
has been attached to the lamp fittings. The other pole is the 
mounting plate of the post unit. That is why this plate itself is 


connected to the circuit (usually by thick yellow wire). Check 


whether this connection is still there. 

In two coil posts this will not happen very quickly. Check the end 
of stroke contact : this must be completely opened when the pole 
is down. In the older Bally posts (up to and including 1972) that 
operate with one solenoid, buzzing is a regularly occurring 
phenomena. An annoying sound, but completely harmless; dirt 
and/or too much wear are the most well known causes. Remove 
the solenoid (see point c), clean plunger, mounting ridge and coil 
bush. Check whether the plunger has not been flattened in the 
bottom : if so, rasp off the burr. Reassemble and test once more. 


38-B Replacing parts of the post mechanism. 


a. Replacing down- 
post solenoid. 


Solder wires from the solenoid. Remove the (3) screws that 
attach the (vertical) frame to the bottom plate. Remove the (2) 
screws (and possibly bolts) that attach the solenoid (with a 
bracket) to this frame. Remove bracket and solenoid. Reassemble 
in reverse order. 
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b. Replace up-post Remove the screw that has been turned through the frame into 


coil. the bottom of the coil. Solder the wires loose from the coil. 
Remove the coil. Place new coil, tighten screw and solder wires 

back on. 
c. Replace the Loosen the nut between plunger and peg. Hold the plunger with 


hook(wing plate). pliers and turn the post until it comes free from the plunger 
completely. The hook plate is now free. Remove it and place new 
one. Turn the post back again, and adjust it as described in 
Chapter 38-A, point e. Also check whether the end of stroke 
contacts work. 

d. Renew spring. On the peg, which has been turned into the plunger, there is a 
locking spring. Remove this. Now loosen the nut which attaches 
the peg to the plunger. Hold the plunger with pliers, and turn 
post out of the playfield. The spring has been slid around the peg. 
Remove old spring and place the new one. Turn the peg back 
into plunger and place the locking spring back. Readjust the 
plunger again (Chapter 38-A, point e). 

e. Replace the Remove the old post cap by using a pliers (possibly cut to pieces 

(orange) post cap. with a cutter). Place new post cap over the peg and pin (check 
the notch in the new cap). Push firmly into place. After this, 
adjust post, as described in Chapter 38-A, point e. 
f. Replace lamp in Remove the screw that attaches the lamp fitting to the bottom 
post. plate. Pull fitting and lamp out. Replace lamp and screw fitting 
back on. 


39. Playfield components: (free ball) gate 
mechanism. 


Opening and closing fences and gates have been applied in many pinball machines, to have 
the ball change course in surprising ways, and to increase the chances of the player. The 
principle is very simple. In older Bally machines ( up to and including "Amigo", 1974), a 
flipper mechanism was used with an adapted (lighter) solenoid. In all Williams and 
Gottlieb machines, and in later Ballys a simpler mechanism was used: a catch, mounted to 
a relay, moves a pin that has been attached eccentrically to the axle (with the fence). When 
the relay is activated, the fence moves. Figure 135 shows both versions. Apart from the 
opening fence, there is still another gate mechanism: the so called "wire gate". On the 
playfield a gate has been attached, in front of which there is an iron wire that blocks the 
ball's passage. When (under the playfield) the corresponding coil is activated, then the wire 
gate is lifted up by means of a drawing rod. The ball can now run underneath the gate. 
Figure 136 shows such a wire gate. This mechanism only appears in Bally and Williams 
machines. Gottlieb never used this idea. | 
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39-A Tips and defects: (free ball) gate mechanism. 


a. How is the coil 
connected? 


b. Gate does not 
open. 


c. Gate opens, but 
closes 
immediately. 


d. Gate remains half 
opened. 


e. Wire gate 
remains half 
opened. 


In Bally machines up to 1974 (including "Amigo") a three pole 
solenoid ts used. When we look at the wires (windings) which 
run from the lugs in the solenoid, we find: on the middle lug one 
thin, and a somewhat thicker winding, on one of the outer lugs 
the thicker winding. Running to the solenoid: the mass wire 
(which passes several coils); this (usually double) wire is attached 
to one of the outer lugs (which one does not matter). Then there 
is the control wire, which comes from the loom. This 1s 
connected to the other outer lug. In addition to this, there are 
two wires from the end of stroke contact of the gate mechanism. 
One of these wires( which one does not matter) goes to the outer 
lug, to which the thin winding is also connected, and joins the 
wire already soldered on to it. The other end of stroke wire 
connects to the middle connection of the solenoid. In all other 
types it does not make any difference which wire is connected to 
which of the two lugs. 

Check whether coil is receiving current. In older Bally types also 
check end of stroke contact. If there is no current, reason out 
what operates the gate coil (what should occur during game for 
gate to open?), to find out its operation via the contacts of the 
relay in question. 

Usually the gate remains activated over its own hold switch, via 
the relay that operates the mechanism (or end of stroke contact). 
If the hold switch is in order, check whether the gate is closed by 
a (NC) switch in the shooter lane the ball runs through when it is 
being launched. If there is such a contact, clean and adjust it. 
Spring that makes mechanism jump back loose, or broken. Fence 
itself (iron wire) broken: one side of the iron wire should be 
stuck through a hole in the axle of the mechanism. Tip: never 
bend the iron wire shapes: they break very rapidly. Relay 
mechanism that operates the fence, does not run smoothly. Apply 
one drop of thin oil to the eccentric pin and catch mechanism. 
Drawing rod that runs through the playfield and opens the gate, 
does not come up far enough. Is the relay mechanism running 
smoothly? The movement of the drawing rod (stroke) can be 
adjusted by bending the bracket, that is attached to the relay plate 
(that the drawing rod is hooked into) upwards a little. This will 
close the iron wire fence further. Make sure to check whether the 
fence -when opened- is lifted up sufficiently to allow the ball to 
pass through. 
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39-B Replacing parts of the gate mechanism. 


a. Renew coil. Bally until and including 1974: remove the (2) screws that attach 
the mounting ridge to the back side of the coil. Remove the 
ridge. Solder the wires from the solenoid. Replace the solenoid, 
screw into place again by means of the ridge and solder the wires 
back. Other types: loosen the screw, that is turned through the 
frame into the bottom of the coil. Remove coil. Solder wires 
back over to the new coil. Reassemble and screw back on. 

b. Renew gate In opening gate: Remove ornamental top from top of axle, by 

(wire). turning it round with pliers and pulling it up at the same time. 
Lift the eye, that has been bent on the wire gate, from its axle, 
and pull bottom of the wire gate from the hole in the same axle. 
Place new gate into this hole first, and then lift the eye back on 
top of the axle. Place ornamental top back. In a wire gate: turn 
the poles the gate is resting on, out of the playfield. Remove the 
poles. Then make the entire mechanism drop, so the drawing rod 
can be hooked off the relay under the playfield. Now lift the 
entire thing from the playfield. Remove the wire gate from its 
frame, by squeezing the ends together. Unhook the drawing rod, 
and attach this to the new gate. Place this on the frame ( also by 
squeezing it together). Lower the drawing rod through the 
playfield, and hook it back on to the relay again. Now place 
frame on the poles on the playfield, and screw everything back 

on. Check its operation, adjust if necessary (see Chapter 39-A, _ 
point e). Here too applies: never bend the wire gate ! 


40. Playfield components: drop target(s). 


Drop targets: until today they remain a very popular playfield object. Williams introduced 
the drop target in 1962 ("Vagabond"); it was a single target, a system Williams held on to 
until far in the 70's. Gottlieb adapted this idea in 1970 ("Groovy") and from the beginning 
placed several targets in one "bank", culminating in "Sheriff" (1971), and "Jack in the 
Box" (1973), with no less than 10 targets in a row. Bally did not follow until 1975 ("Air 
Aces"). The operation of drop targets is relatively simple: under the playfield the target 
has a bulge, which rests on a metal ridge and so prevents the target from dropping. When 
the ball hits the target, this is pushed backwards. This makes the bulge slide off the metal 
ridge, and the target then drops down. One or two strong solenoids reset the mechanism: 
all the targets are lifted up, until the bulges fall over the ridge again. The score of points 
when the drop target drops, is activated by the closing of a NO switch (for a split second): 
when the target is hit, the lever that the target is attached to slides with its outer end along 
a specially bent NO switch, which is closed for a split second by this. The score in a 
Williams (single) drop target works differently: as long as the target is up, it keeps a NC 
switch activated. When the target has dropped completely, another NC switch is activated. 
During the time the target drops, in this way both switches are closed for an instant. By 
connecting these switches in series, a short impulse is realised. The target banks used by 
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Williams ( in the middle of the 70's) supplied the score impulse by means of wiper contacts 
connected to the target itself. A system that is extremely susceptible to disturbances ! In 
the drop target circuit another contact is needed: it switches when all targets have dropped 
from the bank. In Bally each dropped target activates a NO switch (on the bottom of the 
bank). All these switches are connected in series, so when all targets have dropped, the 
connection is complete. Gottlieb solved this in a more efficient way: a long pole leans on 
all the levers of the drop targets. As long as a single or several targets are up, the pole 
remains lifted up. Only when all targets have dropped, the pole also drops down and so 
activates a single "targets down" contact. Figure 137 shows a (Bally) drop target | 
mechanism, Figure 138 a single Williams drop target (as applied before 1975). 


40-A Defects in drop targets and drop target banks. 


a. How is the This is a AC circuit, so it makes no difference how the wires are 
solenoid connected to the solenoid. However, make sure to check 
connected ? whether the mounted solenoid is meant for the proper current: 


some target bank solenoids operate on a 110 Volts current. 


SPRING 


Fig. 137 Drop target bank, Bally 
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b. Targets do not When the reset solenoid(s) is/are not activated, check the fuse 


reset. 


placed close to solenoid(s). Careful ! In many machines the target 
bank reset solenoids operate on 110 Volts, a life threatening 
current. First remove mains cord from electrical output. When 
the fuse is in order, and the wires are well attached to the 
solenoid, there is a defect in the operating circuit. When the 
machine has a "target reset" relay, check its contacts. Try to 
reason out which score motor contact supplies the reset impulse. 
Check whether this contact works. When the targets reset at the 
beginning of a new game (or new ball), but not when they have 
all dropped, check the contacts that are activated by each target 
separately (in Bally), or that are attached to the feeler pole 
described before. In Williams target banks with wipers on the 
targets: dirty print plates and/ or dirty or broken wiper 
contact(s). Unscrew print plate and clean it. The wiper contact 
will then also become visible. 


c. One or more A mechanical defect. Check whether the target is still well 
targets do not attached to the lever, and whether the spring attached to the 


reset. 


target (under the playfield) 1s still in its place. In Bally machines it 
regularly happens that the eye to which the spring has been 
attached rips open. In this case, replace target (see Chapter 40-B, 
point b). In Gottlieb machines it is also possible that the stroke of 
the plunger into the reset solenoid is too short. This can be 
adjusted by loosening the screws on the solenoid. This can then 
be slid over the mounting plate. Place in desired position and 
fasten screws. Particularly in large target banks, the cause can 
also be a badly adjusted reset bracket. The levers on both outer 
ends of this pole should be in parallel position, with the exception 
of banks with only a single reset solenoid: in this case it is 
recommended to adjust the lever on the side without a coil a little 
higher than the other side. 
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d. Target does not 
drop, or drops 
only half the way. 


e. One or more 
targets do not 
score points. 


f. Target comes up 
more than others, 
and drops with 
great difficulty. 
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Spring on the target broken off or loosened. Target lever does 
not slide smoothly along the NO switch on the back plate of the 
target bank. When this contact switches with great difficulty: 
readjust: bend the inward springing blade somewhat outwards. 
Reset beam does not fall back (properly); the mechanism 
mounted to the plunger of the reset solenoid does not run 
smoothly. Clean the plunger and check whether the pivoting 
points still have enough slack. Possibly grease pivots. Never 
grease the plunger ! 

When target drops, the lever that target has been attached to 
slides along a NO switch mounted on the back side of the target 
bank. When target has dropped completely, this contact is 
activated again: it closes for a split second, during the time the 
target drops. Check whether contact works, and -if necessary- 
adjust it, and clean it. All the NO switches on the back plate are 
often connected in parallel. When a group of contacts does not 
work, check the wires between those contacts for a break. In 
Williams single drop target: one of the contacts in the mechanism 
(break at "up", and break at "down") does not close, or is dirty. 
In Williams targets with wipers: print plate dirty. Loosen and 
clean it. Check wiper contact for breakage also. 

A Bally problem: sometimes the plastic on the bottom side of the 
target breaks off. This causes the lever, mounted in the target, to 
pivot too far, causing this defect. Replace target in question. 


40-B Replacing parts of the target banks. 


a. Replace solenoid. 


Bally: remove the (2) screws that attach the mounting bracket to 
the coil. Remove bracket and pull solenoid loose. Solder wires 
over to new solenoid, and reassemble in reverse order. Gottlieb: 
first remove the (4) screws that attach the solenoid housing to 
the target bank. Solder the wires loose. Now remove the 
solenoid housing by taking out the four hex screws. Place new 
solenoid into the housing and reassemble it. Make sure to 
readjust it again (chapter 40-A, point c). Williams: remove the 
screws of the mounting bracket on the top of the solenoid.. 
Remove bracket and pull solenoid loose. Solder wires over to 
new solenoid, and reassemble. ~ 
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b. Replace target. 
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Quite a bit of work! In Bally: remove the screws that hold the 
bottom of the target bank. Now carefully remove the whole 
bottom ( watch out for the contacts). The target levers can now 
come down. Unhook the spring from the target in question. 
Remove the locking spring that is on the gib, which attaches 
lever to target. Push the gib sideways out of the target. By 
moving the target lever down completely, target can be hooked 
off the lever. Sometimes the target needs to be bent a little. Place 
new target by pushing the lever up and hooking it into the target. 
Attach gib and locking spring. Now check whether all levers are 
still sticking into the conducting slots, correct if necessary. Place 
bottom plate, but make sure all levers are correctly fitting into 
the cut-aways of the bottom plate. Screw bottom back on, and 
hook the spring back on to the target. Check whether all targets 
and contacts work. In Gottlieb: turn loose the corner supports 
that attach the back plate (and contacts) to the playfield, both 
from the playfield and from the target bank. Remove the screws 
that attach the back plate to the rest of the bank. Take off the 
back plate. Pull the target backwards off the lever, and remove 
the spring. Hook the spring on to the new target and push this on 
to the lever. Place back plate back. Make sure that all levers are 
sticking properly into the conducting slots. Screw back plate 
back on, place the mounting (corner) supports and screw 
everything back on to the playfield. Check whether all targets 


_and contacts are working. 
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c. Renew target 
lever. : 
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Bally : remove the locking spring that locks the reset lever to the 
centre axle. Loosen the (2) hex screws from the ndge of the reset 
lever. Now pull the central axle from the other side of the bank 
(if necessary: remove the plunger connection there by loosening 
the locking spring on the reset lever). Pull the centre axle far 
enough out of the mechanism, for the lever in question to fall 
free. Now replace the screws that keep the bottom plate in its 
place. Carefully remove bottom plate. Remove the locking spring 
of the gib that attaches the target to the lever to be replaced. 
Remove gib by pushing it sideways out of the target. By tilting 
the lever up, the target can be hooked off the lever. The target 
can now be removed. Place new lever by hooking it up in the 
same position to the target. Place peg and locking spring. Place 
bottom plate back and screw it on. Make sure all levers fit into 
the proper cut away. Stick the central axle back into place. This 
is not so simple: "guide" each lever over the axle. Make sure that 
all levers also fit properly into the conducting slots of the back 
plate. Place the hub back on to the centre axle, and -if necessary- 
the plunger connection on the other side of the bank. Place the 
reset lever back in the hub, and place the locking spring. 
Gottlieb: remove the mounting bracket that attaches the back 
plate (with its contacts) to the playfield. Loosen them from the 
playfield as well as from the target bank. Remove the screws that 
attach the back plate to the rest of the bank and remove back 
plate. Remove the target from the lever to be replaced, and 
unhook the spring from the target. Also unhook the spring from 
the bottom side of the lever. There is a single axle sticking 
through the levers and the reset beam. This is attached on its 
outer sides by locking springs to two brackets. Remove the 
locking spring from one side, pull the axle back from the other 
side. Note ! In the reset beam there is a small nylon bush in the 
place, where the beam pivots on the axle. Remove this bush — 
when it comes free. Pull the axle back far enough, for the lever to 
be removed to fall free. Remove it and place new one. Thread the 
pitching axle back and place the bearing bush of the reset beam. 
Place the locking spring back to the far end of the axle. Hook the 
spring back up to the bottom side of the lever. Place the target 
back on the lever, and also hook its spring back in place. Place 
the back plate back in the bank, check whether all levers fit 
properly in the conduction slots. Screw back plate back on, place 
the playfield supports and screw these on too. Now check 
whether all targets and corresponding contacts work. 
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41. Playfield components: the roto unit. 


The roto unit was Gottliebs ultimate calling card in the first half of the 60's, but in later 
types the roto unit also turns up regularly as a play element. This Gottlieb invention has 
never been adapted by other manufacturers. The roto unit has three versions: 1. The 
vertically mounted one, in which only a few targets stick up above the playfield. (among 
others. "Liberty Belle", "Gaucho"). 2. Horizontally placed, in which the targets have been 
mounted vertically on the roto disc (among others. "Dancing Lady"). In this case a whole 
series of targets next to each other can be hit on the playfield. 3. This roto unit has been 
mounted completely under the playfield. The target disc has been replaced here by a disc 
with little slides, that are projected by projection lamps to special little windows on the 
playfield (among others. "Happy Clown", "Masquerade"). The principle of all three is the 
same. A disadvantage of the roto unit is its susceptibility to disturbance. It is practically 
impossible to adjust the roto unit in such a way, that the targets always stop in the correct 
position without fail. Figure 139 shows the complete roto unit, in this case version number 
1. The operation of the roto unit is as follows: on the axle of the turning disc two cog 
oe ; wheels with sloping teeth 

swirey | _ have been mounted on top of. 


RATCHET - Ciel ane each other. The teeth of the 
4 AY - bottom cog wheel run 
' G 
ty. a i \ ) 


counter to those of the top 
cog wheel. The solenoid 
attached to the mechanism 
activates a lever with two 
catches that slide past the 
cog wheels. When the 
solenoid is activated. then in 
the upcoming stroke of the 
lever the bottom catch 


aN | | (closest to the frame) will 

BEARING € [ hook into the bottom 
cee | y | cogwheel and take it along 
RESET Sra. Af ALTUATOR with it with considerable 

Fig. 139 Roto unit, Gottlieb speed. The upper catch will 


slide (because of their 
counter directed teeth) along the teeth of the upper cog wheel. By the speed, with which 
the bottom catch takes the cogwheel along, the axle -and thus the target disc- will make 
quite a stroke: the targets move many positions. When the solenoid is deactivated, the 
lever will fall back by spring power. Then the following happens: the catch that just caught 
into the cogwheel, will now slide back along the sloped sides of those teeth. The other 
catch now hooks up into the teeth of the upper cogwheel. This will now be pushed back 
(maximum one position), which (when the lever is at the end of the down going stroke) 
places the target disc exactly back to its original position. 
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41-A Defects in the roto unit. | 


a. Solenoid is net 
activated. 


b. Solenoid is 
activated, but 
unit hardly turns, 
or not at all. 


The operation of the solenoid is usually very direct: a NO switch 
of the "spin roto" relay directly activates the solenoid. Check 
whether all solenoid connections receive current during the 
activation of the spin roto relay. If not: check NO switches of the 
relay; check the supply wire on the solenoid. When there is 
current on the solenoid connection, replace solenoid. 

Check the springs that keep the two catches pushed against the 
cog wheels. Check the catches for possible breakage. Check 
whether the target disc turns smoothly, by manually pushing in 
the solenoid and turning the disc. When it turns with difficulty, 
take out the complete unit, by unscrewing the supports that 
attach it to the playfield. Unscrew the target-(or possibly slide-) 
disc. Now check whether the -now accessible- ridge has enough 
vertical slack (the axle should freely move approximately 1/32 
inch up and down). If not, loosen the ridge (2 hex bolts on the 
side of the ridge) and screw back on a little higher on the axle. 
When axle does have enough slack, but the mechanism runs 
tightly, the central axle needs to be cleaned. For this the 
conducting plate -sticking over the cog wheel on the solenoid 
side- must be removed. Now the cog wheels and axle can be 
pulled out of the bearing bush. Clean axle and bearing bush, 
grease lightly and reassemble. The conducting plate should be 
adjusted again; the distance between the sloped side of the plate 
and the head of the stop-catch (catch of the upper cog wheel) 
should be approximately 3/16 inches. Before reassembling target 
disc, always clean contact plate and wipers. When reassembling, 
make sure the wipers are exactly on the contact points. 
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c. Sometimes 
targets do not 
return to correct 
position. 


d. . Targets score no 
points. 


Pinball Machine Maintenance 


When targets regularly stop between two positions, check the 
following adjustments: in resting position the stop catch (the 
upper catch) should be 3/16 of an inch away from the conducting 
plate. To adjust this distance the screws of the conducting plate 
can be loosened, after which the plate can be slid. When the 
adjustment is correct, keep the plunger pushed into the solenoid. 
The distance of the driving catch (bottom catch) to the edges of 
the teeth of the bottom cog wheel should be 1/32 of an inch. This 
distance can be adjusted by moving the stroke plate -which sticks 
through at a sloping angle under the cog wheels- in the same 
manner as the conducting plate. The returning stroke of the 
plunger should estimate approximately 7/8 of an inch. This can 
be adjusted by moving the bracket that conducts the lever. On 
this bracket the spring that makes it fall back has also been 
mounted. When roto unit still does not work correctly, check 
whether target disc turns around smoothly. If not: clean entire 
unit, including wipers. 

Check whether all wires on the connecting strip of the roto unit 
are well attached. In roto units with slide projection also inspect 
wires and contacts of the targets. Check whether the wipers of 
the units are precisely on the contacts. Clean contact plate -if 
necessary- and adjust the contacts by somewhat loosening the (3) 
screws that attach the wiper contact disc to the ridge. The disc 
can then be moved. Tighten screws when disc is in correct 


_ position. 


41-B Replacing parts of the roto unit. 


a. Replace solenoid. Turn upper part of the solenoid house loose by removing the (4) 


b. Replace lever. 


screws. The solenoid can now be pulled from the plunger. Solder 
the wires over to the new solenoid. Place it back, and screw the 
solenoid house back together. 

As the lever forms a ( riveted) whole with the driving - and stop- 
catch, it has to be renewed when one of these catches breaks. 
Remove the lever conducting bracket and loosen spring. Remove 
the locking spring from the pivoting point of the lever. Pull the 
lever from its pivoting point, and from the plunger (which now 
falls free). Place the springs over to the new lever. Place this on 
the supporting point, and inside the cut-away in the plunger. 
Place the conducting bracket back, and also the locking spring of 
the pivoting point. Hook spring on to bracket. Adjust bracket in 
such a way, that the stroke of the plunger estimates 7/8 of an 
inch. 
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c. Renew target. Usually the targets are riveted to the roto disc. This makes 
replacement difficult. Unscrew the entire roto unit from the 
playfield. Remove the (3) screws that attach the disc to the hub. 
Remove the disc from the unit. When the rivets from the broken 
target are still there, then drill these out with a fresh 3/32 inch 
steel drill. To rivet a new target, requires special tools, and of 
course (copper) rivets of the right size. When you do not have 
this, it is possible the screw the target back on with thin bolts and 
nuts. After this pinch off the screw ends as short as possible. 


42. The coin insertion door. 


Each pinball machine -of any brand- is always accessible by the door in the front. The coin 
mechanism is always built into this. Furthermore a so called "anti -slam" switch has 
practically always been built into the door. This is a stroke contact ( a sort of tilt contact) 
which switches the game -and especially the coin insertion- off, when the machine is hit or 
kicked. With the exception of Bally machines onwards from 1973 ("Monte Carlo") this is 
always an NC switch, in Bally machines onwards from 1971 ("Four Million BC"), 
Williams from 1967 ("Casanova") and Gottlieb from 1970 ("Snow Queen"), we find a so 
called "coin lockout" coil in the door. This coil -as big as that of a relay- activates a 
mechanism, which pulls a specially bent iron wire from the coin sorter, and makes it free 
for coin insertion. When the coil is not powered (for instance, when the score motor is 
running, or when the machine receives no current) all coins will be led to the return cup. 
The abovementioned coin sorters are the biggest mechanisms in the door. They are 
interchangeable elements, that test the coin they are destined for on its authenticity. More 
on this in Chapter 44. Underneath the coin sorter(s) we find the insert switch(es). When 
the coin has passed through the sorter (and therefore is “approved") it passes this switch, 
which switches on the machine. Bally and Chicago Coin always use micro switches, 
Williams and Gottlieb use the regular contact blades. 


43. Replacing parts in the insertion door. 


a. Remove _ entire In all brands and construction years: pull the mains plug from the 
door. electricity output (in many machines there is mains voltage in the 
door). Loosen door cable, by pulling its plug from its base. This. 
plug is located on the bottom plate, in Gottlieb on the fuse panel. 
Check whether the cable hangs free. If not: unscrew the 
mounting clamps. Remove the screws and bolts that attach the 
door hinges to the box. Lift door carefully out of machine. 
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b. Renew lock. 
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This is an often occurring problem in old machines: door locked, 
and no keys. Open the machine, by drilling out the lock: use a 
steel drill with a diameter of 3/8 inch, place in middle of key hole 
and drill straight as an arrow through the lock. The length of the 
lock is between 7/8 and 1.5 inches. The door should then -after 
possibly "rattling" it firmly- fall open. Always start with the lock 
in the front door: the back lid key will often hang on a little hook 
in that door. When front door is open and lock has not been 
drilled out: loosen the screw (or bolt) that holds the lug of the 
lock, from the lock and remove the lug. Save the lug ! There are 
machines with specially shaped lugs, that are not supplied 
together with a new lock. Now loosen the big nut that attaches 
the lock mantle inside the door. When this is removed, the lock 
can be taken out. Pull the key from the new lock (make sure that 
cylinder does not come out as well) and remove the lug. Place 
the lock in the door and attach with corresponding nut. Check 
the turning direction of the lock: this should be (seen from the 
key) clockwise. If not, remove the small plate attached around 
the screw hole of lug (flug up with a screwdriver), and place it 
back the other way around. Remove keys (watch the cylinder !) 
and mount the lug so that it points away from the door. Check 
whether lock works. When the door has too much space 
(rattles), or not enough (lock does not turn completely), the lug 
should be bent a little. More towards the door, when door rattles, 
and more outward when door closes too tightly. Bend the lug in 


a vise, so: disassemble again first. When bending a lug mounted 


in the lock, you run the risk of breaking the head of the lock. 
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c. Attach and 
remove the coin 
sorter. 
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Bally: all construction years: on the four corners of the coin 
sorter small bushes have been mounted. These hold the coin 
sorter in place in the holder. Over the upper two bushes there are 
some small hooks. Lift these up simultaneously and push the top 
side of the sorter sideways. After this, the sorter can be entirely 
lifted out of the holder. To place back: first stick the bottom 
bushes in the corresponding cut-aways in the holder and tilt 
sorter back into its position. Gottlieb (all construction years): the 
mounting bushes are in the bottom and middle of the sorter. The 
bushes mounted in the middle fall into hooklets. Simultaneously 
push these hooklets down, and push the sorter to the right. After 
this it can be lifted up from its holder. This is not always very 
easy: sometimes the bottom mounting bushes need to be guided 
past a cross rail in the door. To place back: stick the bottom 
mounting bushes into the cut-aways in the holder, and tumble the 
sorter back into the clamps. Williams: up to an including 1964, 
with the sorters mounted flat into the door: same system as 
Bally. In 1965 and 1966 Williams used very large coin sorters 
(duplex or triplex feelers for more than one kind of coin by single 
coin insertion). These can also be removed in the same manner as 
with Bally. From 1967 onwards the (now smaller) coin sorter 
was attached by screws to a plate, which was clasped into the 
holder. Removing: the plate that is attached to the sorter, 1s 
clasped into the holder by a (black) plate of spring steel. Push 
this spring plate aside (away from sorter) and pull sorter straight, 
horizontally from the door. Placing back: slide the sorter in 
between the two protruding ridges in the bottom of the holder. 
The two mounting bushes in the sorter side, that lies behind, can 
now fall into the holes of the door frame. Place sorter into its 
position. Push the spring plate aside again, to make sure the plate 
-attached to the sorter- can fall precisely over the ridge. Release 
spring plate and feel whether the sorter is attached. 
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d. Replace insertion These are meant for Bally and Williams machines with 
mouth. translucent plastic text plates near the coin insert. In Bally: 
(onwards from "Fireball" 1972): on top of the inner side of the 
insertion door four screws have been attached, under one of 
these there is a hooklet with a spring attached to it. Remove 
screws, make sure hooklet and spring can not jump off. By 
pulling the coin return button, the entire insertion ridge tumbles 
over. The insertion mouth and the plastic plate are held in place 
by a bracket and two screws. Remove screws and bracket. The 
insertion mouth and text plate are now loose. Replace the 
necessary part(s) and reassemble in reverse order. In Williams 
(onwards from "Casanova", 1967) the inserts are built into a 
cross beam. In the older types this entire beam has been attached 
with six screws from the inside. In later types these are three 
screws and a hinge in the bottom. Remove screws and remove 
beam (or: tilt it). The insertion mouths and text plates, as well as 
the insertion boxes are kept into position by a single bracket. 
Remove the two screws that attach this bracket. The mouths and 
text plates are now loose. Replace the necessary part(s) and 
reassemble in reverse order. When tumbling over the beam, make 
sure that the special insertion boxes fall properly into the coin 
insertion openings of the door. In Gottlieb (onwards from 
"Pioneer", 1976) the insertion mouths have not been placed in 
the door, but in a separate beam over the door. This entire beam 
can be removed by loosening the two screws, that attach the 
~ flanks of the beam, which stick into the door. The plastic 
insertion plates can now be removed from the ridge. Reassemble 
in reverse order. 


44. The coin sorter. 


The coin sorter is a loose segment, which can easily be replaced by another type. This 
makes converting a pinball machine to another coin sort a simple procedure. How does a 
coin sorter work? Let us look closer at the best sorter (coin test): the NRI coin tester. 
Together with the Coin Mech and the Coin Controls sorter, these are the most widely 
used. The last two, however, are derived from the NRI coin tester, so it suffices to 
describe the operation and adjustment of the NRI system. Figure 140 shows a NRI sorter. 
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After inserting the coin, it falls 
into the sorter, as indicated in 
the diagram. In the sorter, the 
coin is directly caught by the 
tumbler (A). The two pins on 
the outsides of the tumbler 
- measure the coin's diameter: a 
coin that is too small will fall in 
between the pins, into the 
reception-groove in the bottom 
of the sorter, and be then led to 
the "reject" exit. A correct, or 
overly big coin will be caught in 
the tumbler. The weight of the 
coin opposite the counterweight 
of the tumbler, makes this 
tumble clockwise. A coin that is 
too light will not achieve this. It 
will remain stuck in the tumbler, and be released when the return handle (1) is activated. 
when the tumbler (A) tumbles, the catch (B) is pushed to the right, at the very furthest to 
the lug (D), which is adjustable. At the same time the feeler (C) falls towards the coin. The 
purpose is the following: the stroke of catch (B) against lug (D) should: be so adjusted, 
that a coin with the correct diameter can pass freely; an overly big coin remains stuck 
between tumbler (A) and the catch (B), at its very furthest position. Feeler (C) is called the 
"ring catcher" : when the coin passes, this feeler slides over the coin. When there is a hole 
in the middle of the coin (for instance, when a ring has been inserted), feeler (C) feels into 
the hole, and stops the coin. When the coin freely passes the tumbler mechanism, it then 
rolls to the nght over the plate (E). Between the frame and the plate (E) there is a crack, 
which is just thinner than the thickness of the intended coin (adjustable). Coins that are too 
thin will fall through this crack, the correct (but also the overly thick) coins roll on and 
arrive under the feeler (F). This feels out the thickness of the coin, and stops the overly 
thick coins from rolling on. The thickness scanning has been constructed in such a way 
that the thickness is measured in the heart of the coin (where it is thinner than the edge). 
When the thickness of the coin is correct, it rolls on to the magnet (G). Iron and nickel 
coins are slowed down by this magnet: they tumble around the round magnet, and end up 
hanging under it. Coins made of non magnetic materials simply roll on, and then fall into 
the "reject" output. Nickel and iron coins fall -after they have tumbled around the magnet- 
sideways to the left. This is because the magnet is too weak to hold on to the weight of 
the coin. The coin then slides, along an adjustable conducting catch, to the exit of the 
sorter. Under the sorter the coin switch has been mounted, that activates the game. From 
the above it can be concluded that "wrong" coins sometimes remain stuck in the sorter. 
The coin return button should then be pushed to release the coin. This works as follows: 
the lever on the backside of the sorter is pushed down by the mechanism of the return 
button. This makes a plate tumble like a broom through the inside of the coin sorter, and 
this sweeps all the coins aside. At the same time, the hinging front side of the sorter is 
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pushed open so all stuck coins can slide out easily. When the return button is released, the 
lever jumps back by spring power; the "broom plate" returns to resting position, and the 
sorter closes. In some types of Williams flippers (construction years 1965-1966, onwards 
from "Eager Beaver" to and including "A-Go-Go") very large coin sorters are used : these 
are able to recognise and sort out various coins. In this way, nickels, dimes and quarters 
can enter through a single slot, and still activate separate coin switches. The operation of 
these sorters is identical to the previously mentioned kind, except for: in the top of this 
sorter there is the testing unit for the largest coin (largest diameter). When a coin is 
already rejected by the tumbler, it falls on to the following selection-unit: the one for the 
somewhat smaller coin. The coins that are rejected there, can even be led to a third sorter 
unit: the one for the smallest coin. When all three sorter units refuse a coin, it is rejected 
totally and led to the return tray. When such a big sorter is equipped for two kinds of 
coins, we speak of a duplex coin sorter; when the sorter recognizes three kinds of coins, it 
is called a triplex coin tester. 


44-A Cleaning and adjusting the coin sorter. 


A much used sorter becomes dirty, and will therefore eventually work less well or not at 
all. Cleaning the sorter works as follows: remove coin sorter from machine, and put it flat 
on a table. Open the front side (this is a door) by flugging it open from the left upper side. 

Hold it well, as the spring will push the front side shut again. Polish the inside with a cloth, 

that has been moistened with methylated spirits. No "traces" of dirt should remain. Clean 

the inside of the front plate in the same way. Close the coin sorter again. Now unscrew - 
on the backside- the magnet holder and thoroughly clean the outline of the holder. Place 
magnet back (to illustrate: Figure 140, part g). Now gently remove the locking spring of 
the tumbler (A). Gently pull the tumbler from the axle ( possibly turn somewhat first, 
because of feeler C). Clean the two ends of the tumbler (where the coin falls in between) 
and reassemble it -after also having cleaned the axle-. Check whether feeler (B) can move 
freely. If not: remove and clean axle. Now unscrew the cover plate of the bottom part of 
the sorter (one screw only, other side has been hooked on). Clean the inside here too. 
Place the cover plate back. Adjusting a coin sorter is very difficult for a “layman”. If 
possible: ask someone with experience. For those who want to try doing it themselves the 
following instructions: in the previous Chapter the route the coin takes and the operation 
of the sorter parts has been explained. Place the (cleaned) sorter vertically on a flat 
surface, which must be level. Throw a correct (and particularly undamaged) coin into 
insert opening to the upper left. Follow the route of the coin, together with the 
instructions in Chapter 44. When the coin remains stuck over and over in the same place, 
check what the purpose is of the "obstacle" blocking the coin. This often makes clear how 

the part should be adjusted. The adjusting itself is often done by loosening the, screws a 

little and sliding the part in question into the correct position. 

e Tip 1: Do not bend parts of the sorter, with one exception: when coin does tumble in 
the tumbler (A), but does not roll on, take tumbler (A) out: loosen locking spring, 
and lift tumbler from the axle. Clean the two outer ends (pins) of the tumbler, where 
the ‘coin falls in between. When these outer ends are worn down, bend the pin a 
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fraction (approximately 1/32 inch) inside on the longest arm. Place tumbler back. It is 
highly probable that the stroke (D) has to be readjusted : loosen screw a little, slide 
catch (D) a little to the nght, fasten it and check again. 

¢ Tip 2: Never use oil in a coin sorter ; all parts the coin has to slide along, have been 
chromed or polished. Moving mechanisms can move very lightly -without any 
lubricant- over the (thin) axles when these have been properly cleaned. 

e Tip 3: When coin sorter works properly outside of the machine, but sends all coins 
back to the return basin when mounted in the machine, check the following: does the 
return button work correctly? The coin sorter should be completely closed and no 
pressure may be exerted on the return lever (I). Also check whether the catch, which 
is activated by the "coin lockout" coil ("block coil") is actually pulled out of the 
sorter, and -if necessary- check whether the lockout coil is being powered. 


44-B The coin switch 


Mounted directly under the coin sorter, the insert switch functions -as it were- as the 
extension of the sorter. Bally always used micro switches, Williams and Gottlieb used 
(much more sensitive) open contact systems. The operation and adjustment of the Bally 
micro switch is simple (Figure 141). The coin -coming from the sorter - falls through the 
rectangular box. Stuck through this box, is the iron wire of the micro switch : this is thus 
activated by the falling coin. For adjusting the 

following points are of importance: a. The coin may 

not fall past the iron wire (when the width between the M!CRo-SwitcH 

right edge of the box and the iron wire is too large, the 
iron wire should be bent somewhat to the right, or a 
filling piece should be attached to the box). b. When 
the iron wire is in its lowest position (micro switch 
activated) the coin should be able to pass through on 
the nght side of the iron wire ; if not: the iron wire 
should be somewhat bent inwards. c. During the down 
going stroke the micro switch should be activated. This Fig. 141 Coin switch with micro switch 

can be heard: when it switches on, it "clicks". During 

the returning (upward) stroke, the micro switch should switch off (another "click"). If not, 
this can be corrected by buckling the iron wire -halfway down the horizontal part- a bit 
(this can be easily done with a pair of pointed pliers). When the iron wire has to be 
removed from the micro switch: first flug the locking plate off the axle of the switch (using 
a small screwdriver). Now lift the iron wire off the axle, and unhook it. Place back in 
reverse order. Until 1965 Williams also used micro switches, according to the same 
principle as Bally. From 1965-1966 Williams made machines with large coin sorters (see 
Chapter 44) which included a special switch system: several plastic levers next to each 
other, that each closed a separate coin contact: one for each accepted sort of coin. From 
1967 onwards, a insert contact was applied, which remained in use unaltered until the last 
electromechanical pinball machine. See Figure 142. A metal wire attached around the axle 
of a nylon wheel, is led out in between two supports, and sticks through the coin box. 
Opposite this a lightly springing contact blade leans on a pin on that nylon wheel. When a 
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coin hits the wire, the wheel turns. This makes the pin push the contact blade aside: the 
NO switch ts closed for an instant. When the coin drops from the metal wire, this springs 
back -with the wheel- by the pressure of the contact blade. This system is very sensitive: it 
works properly, as long as the metal wire and contact blades have not been deformed. 
Therefore it is disastrous to start up the game manually with these inserts. The adjustment 
should be as follows: in resting position the metal wire should stick horizontally outwards; 
the two conducting supports on the nylon wheel must then point to the left. The contact 
blade should be against the night pin on the nylon wheel, but must not press against it. 
When the metal wire is activated, it should move freely through the cut-away in the coin 
box. The wire should also not end up between the supports. In resting position, the 
distance between the contact points of the coin 

insert should estimate approximately 1/16 inch, 

when activated the long blade should push the 

COIN shorter one away approximately 1/32 inch. The 

vy springing in of the contact blade should be so 

light, that the weight of the coin is sufficient to 

activate the mechanism. Gottlieb finally, - 

conservative as ever- never altered the coin 

insert: under the coin sorter a lever -made of 

bent iron wire- is placed, that catches the coin 

leaving the sorter. The movement of the lever 

activates a NO switch, which starts the game. 

Fig. 142 Coin contact Wiliams from 1967 - When the lever is completely activated, and the 
coin has been released from the sorter, the coin 

will fall sideways into the coin box. This insert is easy to adjust: the outer end of the lever, 
which sticks out under 'the sorter, has an -S-shape. This part should be precisely horizontal 
when the sorter has been removed. When the coin sorter is placed, it should be precisely 
under the output of the sorter. In resting position, the contact operating part of the lever 
should rest lightly on the contact blade. Be very careful with the isolation mantle around 
the lever, and the paper isolator over the contact blade. If the metal makes contact, the 
entire insert door can become live ! The distance between the contact blades should 
estimate approximately 1/16 inch here as well. The contact should spring so lightly, that it 
can be activated by the weight of the coin. In all insert switches and contact of all brands: 
be careful, these contacts are set to become active by the weight of the coin: only a few 
grammes. By touching the mechanism with your fingers, they become rapidly -and often 
irreparably- strained. When the machine should be played on without inserting a coin, 
bridge the zero position NO switch on to the replay counter, or hold some coins at hand to 
start the game. These can be removed from the money box after each game (or even 


better: use it as a piggy bank). All this actually increases the life span -and the value- of 
your machine. 
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45. Repairing in practice. 


This Chapter is meant for the real "laymen" that nevertheless want to gain experience in 
repairing pinball machines: First of all the equipment: which tools are needed to start ? 
Important are: 

e set of screwdrivers (isolated) 

pointed pliers 

combination pliers 

wire cutter 

wire stripper 

hammer (approx. 0.5 Ibs) 

contact adjuster 

contact file 

soldering iron (approx. 40 Watts) 

soldering tin 

AC/DC meter 

contact spray 

fine sandpaper 

set of hex wrenches 

set of socket wrenches. 


oo eeeeee @ © © © © & @ 


Socket- and hex- wrenches in inch sizes. Always work in a well lit space, and take your 
time locating the defect. Defect locating starts with opening the machine. This may be easy 
enough, but how does the mechanism become accessible? First, the window over the 
playfield should be removed. When the door is opened, you will find a handle behind the 
right door post (Bally, Williams up to and including 1964), or on the upper door post 
(Gottlieb, Williams onwards from 1965). Move handle in direction of door hinge. Careful: 
this might move rather tightly. When handle has been moved, the ridge can be lifted up 
from the front side of the window. Often the ridge has been stuck to the window; pull 
loose carefully. When ndge has been removed, the window can be slid from the machine. 
In Bally machines manufactured between 1967 and 1974 ("Wiggler" up to and including 
"Sky Kings"), the entire window is lifted up with its ridges. Then there are supports in the 
edge of the wooden sides of the machine, that hook up into the window construction to 
keep this up. Now lift the playfield up, by grabbing into the opening (under the metal ridge 
of he playfield) where the ball leaves the playfield, with your left hand. On the right side of 
the machine, a support has been attached which can be stuck in a cut-away in the bottom 
of the playfield to keep the playfield up. It is recommended to remove the ball(s) from the 
machine, before lifting the playfield up. This to avoid damaging the playfield objects. 
When repairing not very easily accessible components on the bottom side of the playfield, 
the playfield can be placed backwards: lift the playfield from the hinging points ,and place 
it on the supporting beams that have been attached halfway down the left and right sides 
of the machine. Make the playfield go backwards, against he back box. In Bally machines 
from 1967 - 1974, lift the window construction from the machine first. The back box of 
the machine is accessible on the back side. Remove the back lid, with the corresponding 
key -that can usually be found on a hook inside the front door. When the top window 
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needs to be removed, proceed as follows: Williams onwards from 1967, Bally: open the 
back side. To the "ceiling" of the back box two metal handles have been attached. Pull 
these back (possibly loosen screws a little first). Now, take the front off the strip on the 
bottom of the window. Pull the window out vertically, until the bottom strip comes loose 
from the box. Pull the bottom side out, and carefully lower the window from the machine. 
In all Gottlieb machines, and Williams up to and including 1964, the window is not easy to 
take out. When lamps have to be replaced, open the back box. In the "ceiling" of the back 
box, a swivel handle has been attached. Support the mechanism panel, for instance by 
holding on to a counter frame, and turn handle gently away (pull handle arm towards you). 
Now gently lower the mechanism panel backwards. On the sides of the back box two 
braces have been attached that prevent the panel from being lowered too far. A genuine 
exception are the Williams machines from 1965 and 1966. Open the back box too in these. 
In the left side wall (seen from the back), a lever construction has been attached. On top of 
this construction there is a "butterfly shaped" button. Put this in horizontal position. Now 
lift the bottom strip of the lever up. The upper window -and its framing- now hinges 
outwards (hold it !). Finally this: in Bally machines from 1967 - 1971, it is possible to put 
the bottom panel in working height. Loosen the door plug (left front on the panel) and the 
box wire plug placed next to it, as well as the little plug of the "knocker" -on the right of 
the panel-. Now remove the (4) bolts and rings that attach the bottom plate to the ridges. 
Take the steel handle, located at the same height as the fuses, and pull the whole panel up 
towards you. It will automatically hinge in the correct position, and can be placed on the 
side of the box. If this is a problem : check whether a screw has been attached in the 
middle of the bottom panel, to lock it; also check whether the mains wire is long enough 
the follow the panel. 


45-A Soldering 


Many defects are caused by dirty contacts, in Chapter 9 it is discussed how to clean these. 
Another often occurring problem is the loose wire. For those who have never soldered : a 
small manual: when the wire is still long enough, cut approx. 1/4 inch from the end, strip 
wire naked with a stripper (also approx. 1/4 inch). In machines from before 1976 wire 
appears with a cotton mantle. Stripping this is easy: just pull the mantle approx. 1/4 inch 
back with your fingers. When the core of the wire is naked, hold it against the heated 
soldering iron and let some soldering tin flow on the wire. The soldering tin is not allowed 
to "clot", but should flow on. After this, heat up the connection point where wire needs to 
be connected. If necessary: remove old rests of wire from the connection point with pliers. 
Then let some (fresh) soldering tin flow on connection point. Keep the wire -to be 
soldered- against the connection point, and heat this up till the soldering tin from the wire 
and from the connection point flow into one another. If necessary add some soldering tin. 
When everything has flowed into eachother well, remove soldering iron, and hold wire 
very still until the tin solidifies. This can be accelerated by blowing on it. After the 
connection is solid, wait a few seconds. The connection can then be checked by pulling the 
wire. Of course it should not snap loose. It is sensible when soldering (but also during 
other repairs) to cover the bottom panel of the machine -on the bottom side of the 
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playfield- with a cloth. Spats of soldering can not jump in between relay contacts, and 
dropped screws are easy to find back. 


45-B Working with the AC/DC meter. 


The AC/DC meter is an important tool for locating defects in pinball machines. They come 
in two versions: with a pointer, that indicates the measured value on a scale, and with 
digital display. Both are well fit to use in 
electromechanical pinball machines. Out of the 
meter come two test wires, on the meter there is 
an adjustment knob, which can look like Figure 
143. By turning the knob, a measure range can be 
set. For instance, when we want to measure the 
current of a certain point in the machine; we 
know it is going to be AC (practically all circuits 
in a pinball machine are AC circuits). The highest 
Fig. 143 Setting the AC/DC meter expected value would -for instance- be 50 Volts. 
Then we set the knob of the meter at the closest 
possible value above the expected value: in case of this example ACV 100 (ACV stands 
for “Alternating Current Volts"), in other words: AC. The "100" at the end of the 
measuring scale indicates that the highest measurable value is 100 Volts. When we 
connect one test wire to the neutral in the machine, and the other to the point to be 
measured, the meter will indicate the measured value. In this way, you can measure 
whether a coil works well: measure the Voltage on the lugs. If this is present, but the coil 
does not become magnetic, it is defect. 
When we do not know the expected value, always set the meter to the highest value. 
When the meter indication is very small, the set value can be dropped one step. DC can be 
measured by setting the knob (and meter) to "DCV", which stands for "Direct Current 
Volts". When measuring DC, the black test wire 
(stuck into the "-" of the meter) connects to the 
minus pole, and the red wire (stuck into the "+" Ay 
of the meter) to the plus pole. When the pointer 
on the meter jumps backwards -or the digital 
meter shows a negative value-, "+" and "-" have 
been switched. The AC/DC meter can also 
measure resistance, by setting it to the "Ohm" 
scale. After setting it to this, test: hold the two 
measuring pins together (then there is no 
resistance between the pins). The pointer should 
jump forward completely, or indicate zero Volts. 
Often this can be adjusted as well. In meters 
with a pointer the Ohm scale is placed counter 
wise: 0 Ohm is on the right side of the scale, the 


highest value (00 or infinite number of Ohms) on Fig. 144 Measuring in the circuit 
the left side. This measure possibility is extremely suited for tracing breakage. When 
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measuring connections, pay close attention. Sometimes it can happen that you are 
measuring right through a completely different circuit. An example can be seen in Figure 
144. Suppose we want to measure the operation of a "bonus unit open at zero " contact. 
We make sure the contact is closed (bonus unit not on neutral) and place measuring pins 
on points A and B in the circuit. The meter will neatly indicate 0 Ohms. Does this mean 
that the connection over the bonus neutral contact is in order ? Not necessarily: the 
connection between the two measured points is also made by the -closed- motor contact 5. 
So : when the neutral contact of the bonus unit does not conduct (is interrupted) this 
measure will not bring that to light. How is it done? The best thing is to reason out -with 
the diagram of the mechanism at hand- how the contact can be measured. In this case: 
isolate the motor contact by sticking a piece of cardboard between the contact points. 
When you do not have a diagram, you can determine a bridge, by measuring the contact in 
both positions. When -in this case- the bonus neutral contact is measured both in open, as 
well as closed position, in both situations the end result will be 0 Ohm, which indicates a 
bridge. To determine the correct operation of the contact, the wires have to be removed. 
When connections are measured on the Ohm scale, the mains supply on the machine 
should always be switched off. A hint for locating interruptions: these appear most in plug 
connections (dirt, plug not stuck into holes well) and on wiper contacts ( dirt, not enough 
contact pressure, broken wire on the back side of contact plate). One last possibility, 
offered by the AC/DC meter, is measuring electrical DC. This is hardly ever used in 
repairing pinball machines, but just to be complete: set knob to DCA (Direct Current 
Amperes). Interrupt the circuit (by taking a fuse out, or loosening a wire). Now place the 
two measuring pins on the outer ends of the interruption (bridge it over with the 
measuring pins). The meter will then indicate the electrical current which is passed on by 
the circuit. Note ! In most AC/DC meters mains current can only be measured in DC 
circuits. 


45-C Tricks for locating defects. 


To test connections and contacts there are various "tricks". First the contacts: to see what 
would happen when a NO switch is activated, to check whether a closed contact actually 
passes current, we use a small screwdriver. Place the point of the screwdriver between the 
contact plates, and turn it in such a manner that it rests against both blades. The 
connection should now be made. In this way, the switching of the score motor can also be 
simulated. To deactivate a closed contact, clamp a strip of cardboard between the contact 
points. The connection will be absolutely interrupted. To check connecting wires, coils 
and wipers, a wire (approx. two feet) is used, with preferably so called “crocodile clamps" 
on both ends. When one end is connected to the neutral line, the operation of the coil can 
be checked by connecting the other clamp to a coil connection (naturally not the one 
connected to the mains current); the coil should be activated instantly. Never do, this with 
DC operated coils, unless the test wire has been connected to the neutral line of the DC. 
Bad connections (for instance in plugs) can also be located in this manner, simply by 
bridging them. By connecting one clamp to a wiper, and the other one to each output (one 
by one) of the contact plate operated by the wipers, the correct operation of the stepping 
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unit, can be checked. Never bridge fuses with a test wire. If there is a short circuit in the 
machine, the chance of fire is not imaginary. 


46. Assembling the pinball machine after 
transport. 


When transporting the machine, it is usually necessary to remove the back box and the 

legs. The best way to reassemble the machine is like this: 

1. Place the front box vertically on its 

backside. Now screw both front legs 

Fu? back on; these are the legs, where 

the adjusting caps have been turned 
in most. The screws have an 
American measure: ULN 3/8 inch, 

) bolt length 2 1/4 inch. When 

tightening the bolts: tight is tight, 

overly tight ruins the screw thread 
in the machine. 

Tilt the machine gently forwards. 

Place the front legs on the floor. 

Now stand behind the machine. 

3. Lift the machine up high (the higher 
you lift it, the less effort this will 
take, because of the gravity point) 
and screw the back legs back on. In 
those the caps stick out the furthest. 
The bolts are the same as those of 
the front legs. To not have to lift the 
machine too long, you could place a 
box or crate under the machine. 

4. Put the machine on all four legs and 
take the mains wire from the box. 
Place it out of the box through the 
cutaway in the back ridge. Do not 
connect yet ! In later Gottlieb 
machines the mains wire comes 
from the bottom of the machine. In 
that case, the above obviously does 
not apply. | 


ty 


5. Open the back box on the back side, and place it on the front box. Immediately screw 
it on with at least two bolts. With the exception of the Bally machines from 1967 - 
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1973, these are long bolts (ULN 3/8 X 3.5 inch). Do not forget to place the 

corresponding rings. In aforementioned Bally machines the bolt length is 1.5 inch. Of 

| course it applies here too: attached 
is attached, do not screw on overly 
tight. 

6. Take the connecting plugs from the 
box, and place them in their sockets 
in the back box. Make sure the nght 
plug goes in to correct socket 
(different lengths, wire colours 
correspond on plug and socket). 
Make sure pins fall properly into the 
holes in the socket, and not in 
between. Push plugs firmly. 

7. Put a level widthways along the 
front ridge of the window. When 
machine is not precisely level, adjust 
the caps under the legs. In the 
length direction the playfield angle 
may estimate 4 to 6 degrees. The 
more sloped, the more difficult the 
game becomes. 

8. Open the front door to the machine, 
and check whether the tilt pendulum 
hangs free (and therefore does not 
touch the ring), and that the tilt ball 
is at the beginning of the relay (so: 
the closest to the front of the 
machine). Free the tilts if necessary. 
Close front- and back- side of the 
machine, and put the mains plug in. 
In many machines the left flipper 
button should be pushed to activate 
@ the lights in the machine. When this 

has no effect, check whether the 
on/off switch (front right in the 
bottom of the front box) is "on". 
Try to start a game, even when the 
: machine is not lit. When this does 

t not work either, check the Chapters 
on "security circuits" and’ "lighting 

circuits" of the brand in question. 


( 
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47. Cleaning the playfield. 


Thoroughly cleaning or revising the playfield is 

- not so easy, but of crucial importance to the 

maintenance of your machine. For a complete 

revision, it is necessary to remove all rubbers, 

shield and posts. Start by removing the shields. 

Depending on the type of machine, these are 

| either screwed on, or attached by bolts and tops. 

With the bolts and tops, special screws have 

been used to attach the supporting poles to the 

field; instead of a head, they have a hexagonal 

and a piece of screw thread sticking out (see 

figure 146). With Gottlieb: no screw thread, but 

a smooth pin. In places where posts that do not 

support a shield have been mounted on the 

Fig. 146 Post & special screw playfield, normal screws have been used. In 

places where the ball can hit a post extremely hard, no screws, but tap ends with regular 

screw thread have been placed. The nut has then been struck into the wood, under the 

playfield. When disassembling the playfield pay close attention to the following points: a.) 

draw or write down how the (shield) constructions fit together: where do the regular 

screws go, where do the taps go, and where the special screws with tops or bolts. If - 

when taking off the tops or bolts- the special screws also come out of the playfield, stop 

the hexagonal part of the special screw (right under the shield) with a corresponding 

wrench. b.) Note down the positions of the posts; in many machines both long and short 

posts are used, the length differs a little. In older machines different colour posts were 

used. The arrangement of the colours often corresponded to the colours of the playfield 

objects: next to a green target green posts, the "roll over" lane with the sign “on red 

bumper" surrounded by red posts. c.) Draw precisely how the rubber belts have been 

attached around the posts. This avoids "jig saw puzzles" during reassembly. d.) Bumpers 

and mechanisms like slingshots and such can stay in place, just like the vertical contacts. It 

is recommended, however, to take all lamps out of their fittings. When all protruding parts 

have been removed from the playfield, the actual cleaning can begin. Never use water or a 
cleaner that contains water. 

, Sanding is absolutely forbidden too ! 

hy . 5 SE ie OK. (Even slightly sanding cleaners, such 

as copper polish and so on.) There are 

special playfield cleaners and foam 

cleaners on the market. Apply the 

cleaner sparingly, and polish it out 

with a soft cloth, particularly one that 

does not give fluff. Make sure the 

cleaning fluid does not run in between 

little buttons ("rollover" buttons) and 


| avoid the protruding contacts, when 
Fig. 147 Tightening the rubber bands polishing. Clean one part of the field 
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at a time, start on top and work your way down. Do not forget to also clean the front of 
targets and drop targets. The (mostly plastic) contact rings of the bumpers (skirts) also 
need to be polished: it looks better, and the bumpers become faster. When the playfield is 
clean, it needs to treated with wax to make it smooth and for protection. For this purpose, 
furniture spray is ideal: Spray on lightly and rub in with clean cloth. Once more : avoid 
rollover buttons and vertical contacts. When this is completed, switch machine on and put 
lamps back in fittings. Now you check for defect lamps: as the shields have not been 
mounted yet, it is easy to replace them. Now reassembly can start. Once more: start on 
top, and work your way down. Use new rubber belts. The old ones have often become 
longer, and can no longer serve as reference to the size of the new one. Figure 147 shows 
the proper choice: in A the rubber is too slack: the bouncing sides are round, the belt has 
no tension. In B, the belt has become considerably thinner than normal; it has been 
stretched out too far. The bouncing side is so tight, that the ball does not bounce off well, 
and the contact switch (stand up switch) behind the belt is not activated at all, or only with 
great difficulty. In C, the belt has been attached correctly: it does not lose its shape (the 
rubber does not really become thinner), but the bouncing side is straight and slightly under 
tension. When we push exactly between the two supporting points against the belt, it 
should spring in easily, approximately 1/8 inch for each inch of length between the two 
supports; with a maximum of approx. 3/8 inches. From all this follows that very long belts 
are stretched tighter than short ones. When a machine plays very rapidly and it often 
happens that a ball slides under the slingshot rubber, a second belt can be attached. First 
put the belt between the notches in the post, then put the second belt under the first one. 
The same method should always be applied in machines with "short" flippers: to protect 
the plastic flipper cap a second rubber, under the first one, is required. Putting the rubber 
belts along posts that are screwed on together with the shields they support, can be an 
annoying job. Note well: sometimes the rubber belt can just be laid loosely around the post 
in question, and laid around the other posts, after these have been screwed down. When it 
is inevitable to screw on a post under the pull of the rubber, here is a tip: pull the belt as 
far as possible outside of the shield. Place post behind the belt, but keep the entire post 
steadily in the fingers of one hand. Now slowly move the post under the shield, so the 
screw hole comes into place. Stick screw through shield and post, and screw on 
immediately. Post and belt can now be released. When the belt has not been attached 
evenly around all posts, it is possible to pull the slack part a little bit tighter, to evenly 
distribute the spring power. After attaching the rubber belts, adjust the stand up contacts. 
Make sure that the long contact blade leans properly against the belt. The distance 
between the contact points should estimate approx. 1/8 inch. In the sling shots this can be 
a fraction more. Adjusting the contacts is quite possible from the bottom side of the 
playfield. Finally, the bumper lids can be attached again. When these are dirty they can be 
gently bathed in a suds. Be careful; the indications on the lids ("10 points when lit") are 
rapidly affected. Try out first. The upper side of the playfield is now ready. Lift the 
playfield up and check the lamps under the field. Also clean the light windows from the 
bottom. Do this with a lightly moistened ear swab. When the lamp fitting is in the way, this 
can gently bent out of the way; do this also when a lamp needs to be renewed. When the 
playfield is "up", the rubber shooter tip can also be replaced. Pull or cut the old rubber 
from the shooter. Moisten the new rubber on the inside, and slide it into place. When the 
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bottom side of the playfield is done, it is time to start the game. Check closely that none of 
the counters remains activated; if so, one or more playfield contacts are closed. Switch the 
machine off: prolonged activation can burn up the counter solenoid. The most regular 
occurring contact interruptions after cleaning concern the stand up contacts and rollover 
buttons. Particularly the stand up contacts in the slingshots (catapult-belt) should be 
checked well. Make the ball bounce against the belt at moderate speed, the slingshot 
hammer should now strike out once. If this does not work well, the stand up contacts are 
adjusted too wide. When the slingshot "rattles on" for-some time, however, and gives two 
or three hammer strokes, the contacts have been too narrowly adjusted. Play a few games 
after cleaning and check everything critically: are no counters stuck? no rubbers left out 
anywhere? all contacts working? When polishing is done, and all defects solved, put the 
(washed) window plate back over the playfield: a well polished playfield is rather static 
and attracts dust rapidly. After the playfield, it is the back box's tum. Remove the top 
window (see Chapter 45). When the score counter wheels are dirty, they can be washed in 
a suds. Attention ! In some (particularly Williams) pinball machines the numbers on the 
counter rollers are rapidly affected. Carefully check first whether the suds do not dissolve 
the ink. The best method to wash the counters is to put a game on for all players. Start 
with the lowest decade. of the first player. Wash the part that is visible on the counter. 
Then push (in the back box) the relay plate of the control relay of that counter (1 or 10 
point relay) a few times. The counters will advance a few positions and the next part of the 
number wheel can be cleaned. Clean all counters in this way. When all counters for the 1st 
player are done, play one ball, so the 2nd player comes up. Also clean these counters, 
according to the same instructions. Check all lamps in the back box as well. Put the 
machine in "game over" position to check the lottery end number lamps. Manually activate 
the plunger that shoots into the solenoid of the match unit . This will make the end 
numbers change. In Gottlieb machines onwards from 1970 and Williams onwards from 
1975 this is no longer possible. When a defect lamp is located, you will find just how 
awkwardly the end number lamps have been built in: into small cut-aways in the wooden 
panel. With very thin fingers you might succeed, but there is a little trick to put the lamps 
in and out. Use a shooter tip (the rubber attached to the shooter). Slide this over the bulb 
in question, and it will be easily removed. Put the new lamp inside the shooter tip and turn 
it into its fitting. When lamp has been put in, pull back the tip. Do not clean the top 
window itself from the back side ! When the windows for the counters are very dirty, 
clean them with an only slightly moistened corner of a soft cloth. Do not scrub. Avoid the 
use of cleaners: the design on the window is rapidly affected irreparably. A pinball machine 
with peeled off paint on the top window is worthless ! To freshen up the machine further: 
the outside of the machine -after having stood in a smoky bar for years- is often very 
filthy. Clean with strong suds, and a firm brush. The results will amaze you. When the 
outside is yellowed, or damaged, remember this: a pinball machine with its original paint — 
on the side (no matter how damaged), is always worth more than a painted over one. 


186 


Pinball Machine Maintenance 


48. The machine functions but ..... (some tips). 


a. Relay buzzes. 


b. Counter 
constantly buzzes. 


c. Flipper is 
"lame", no 
power. 

d. Bumper(s) lazy. 


e. Top window 
rattles. 


f. Lamp brightly lit 
and then weakly. 


g. Lamp annoyingly 
shines in player's 
face. 


This may be rather annoying, when it concerns a prolonged 
activated relay. Dirt, or a slopingly placed relay coil are usually 
the cause. Find’ out which relay buzzes (gently touch the metal 
plate on the coil of the activated relay and when the buzzing 
stops, you have found the "perpetrator"). Now switch the 
machine off. Unhook the spring from the relay. Carefully lift the 
metal plate from its pivoting point. Clean plate well. Also check 
it for strong irregularities in its surface, If necessary, file down till 
it becomes smooth. Always check the head of the coil. Has a burr 
been struck into it, then file this down too. Carefully check 
whether the coil has been mounted properly to the frame : is the 
rectangular part in the coil precisely straight in relation to the 
relay frame? If not, loosen the screw somewhat that attaches the 
coil, readjust the coil and screw back on. Make sure no contacts 
slide out of the control plate. Hook the relay plate back into 
place and test again. When relays keep "sticking", and thus do 
not let go when the mains is switched off, the above mentioned 
remedy is really effective. 

This is a genuine defect! Quickly switch machine off, and check 
whether all playfield contacts are open. Check the Chapter on 
counter circuits of the brand in question. 

Check whether the proper solenoid has been installed. If so, 


check Chapter 34-A. 


Check whether the proper solenoid has been installed. If so, 
check Chapter 35-B. 

This needs to be fixed: not only is it annoying, but also bad for 
the window-glass: the design may get damaged. Lift the plate out 
of the machine. Find the "attaching blocs" that the plate is leaning 
against. These are often difficult to repair. In that case it is better 
to stick pieces of corrugated board on to the blocs, to fill up the 
space between the blocs and the plate. In Williams machines up 
to and including 1964 and in all Gottlieb types, the plate can not 
be taken out of the machine so easily. 

This can be very annoying, particularly when various lamps have 
this problem. Check the Chapter on defects in lighting circuits of 
the brand in question. | 

Sometimes a lamp has been installed in such a way under a 
shield, that it shines straight into the face of the player. Extremely 
annoying of course. The manufacturers already had a solution for 
this: a piece (approx. 1.5 inch) of garden hose was slid over the 
lamp. Nice colour and no more hindrance. After a couple of 
years it 1s often dried out: broken and removed. Buy 1.5 inch of 
garden hose in the shop and let's play ! _ 
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h. Ball remains 
stuck. 


i. Tilts to fast. 


j- Shooter too weak. 


k. Sometimes ball 
remains stuck 
under the lug at 
the end of the 
shooter lane. 
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Have the rubber belts been placed correctly? Did an opening 
occur in a place, where a rubber belt should be? Is there a speck 
of dirt in that place? Is the machine standing straight? Is the slope 
of the playfield 4 degrees or more? Is the ball rusty ? 

Real fanatics call this machine a "China cabinet". The adjustment 
of the tilt plumb is the cause for this, of course. First check 
whether machine is standing level. Them place the tilt plumb in 
such a way on the pendulum, that the space between plumb and 
ring is at least 1/4 inch. The contact ring can also be shifted. 
When the problem remains: look for the vibrating contacts 
(bottom of the machine, under the playfield) and adjust these a 
little wider. 

The ball only just reaches the top of the playfield, or not even. 
Grease the shooter with a little thin oil. When the problem 
remains, the spring is the cause. Lift the playfield up, remove the 
rubber shooter tip and the locking spring, that blocks the spring. 
(In Bally and Gottlieb: pull locse with pliers, in Williams: bend 
open.) Slide spring off the shooter. When the front of the shooter 
has been flattened, and the spring can not be taken through the 
rod because of this, then file or grind it smooth first. Replace the 
spring (or, if possible: stretch old spring out a few centimetres). 
When the casket spring on the outside of the machine needs 
replacing as well, pull entire shooter from the machine. 
Reassemble in reverse order. When putting back the clamp, keep 
the spring drawn back so the front part of the shooter rod 1s free. 
When shooter remains weak, check whether it hits the ball at a 
right angle. Are the two lugs that hold the ball in front of the 
shooter parallel to each other? The entire shooter can be 
removed by loosening the screws (or bolts) that attach the 
shooter housing to the machine a little. Readjust position of 
shooter and screw it back on. In Williams machines with a plastic 
shooter housing, it occurs that the housing tears. Then replace it. 

Pity ! All pinball machines have this problem. Rattle the flippers, 
tap against the side of the machine (tilt !) to release the ball. For 
this problem there is no solution. Never try to bend the lug, it is 
made of spring steel and breaks easily. 
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1. Bells! Nice for the 
neighbours? 


m When using 
flippers or ticking 
against box 
points are added. 

n. Ball leaves too 
fast in a certain 
place. 


o. The machine is 
unsteady. 
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Any classic pinball machine is equipped with bells. It irrefutably 
belongs to pinball, but is not always appreciated by everyone. 
Switch off as follows: Gottlieb: the bell solenoids are attached by 
stick up plugs. Simply pull one wire from each bell solenoid 
loose to silence bells. Williams: the wires of the bell solenoid are 
connected by one plug to the rest of the machine. Pull the plug, 
and you have peace again. Sometimes the knocker (the "knock" 
when you achieve a free game) has a separate plug. If desired, it 
can be switched off separately. Bally: until 1972: a very shrill bell 
in the top box, with next to it an adjusting plug ,which also has 
an "off" position. Very obvious. In later types a 3 tone set of 
bells in front of the machine. Switch off by pulling the plug out of 
the bottom panel. In some machines (all brands) a bell clapper 
has been attached to the step up arm of the match unit. The bell 
lid that is attached there, can be taken off. 

One of the playfield contacts (probably a "stand up" contact) is 
adjusted too tightly. Locate the culprit and _ readjust: 
approximately 1/8 inch between the contact points. Rollover 
buttons can also be the cause of this problem. 

This could be one of those nasty tricks of the manufacturer. 
When the machine is level, there is not much to be done against 
this. Do not screw on poles in "strategic' places: the screw hole 
damages the playfield irreparably. When the ball is ejected from a 
hole, and runs exactly between the flippers or towards an exit, 
bending the top of the ejection spoon of that hole can somewhat 


_ alter the direction of the ball. Note : a game that is too easy bores 


much quicker than a difficult one. 

Check whether the adjusting caps under the legs have been 
turned out in such a way, that all four legs touch the ground. 
Check whether the bolts, that attach the legs to the machine, , 
have been well attached. 
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49. Important tips (what you should never forget, 
what you should never do). 


Finally some tips, subdivided in what you should always, and what you should never do to 
have lots and long lasting fun from your machine, and have it keep its value. 


ALWAYS: 


Place the machine level (Chapter 46, point 7). 

Use a mains output with a ground connection, and apply all grounding instructions 
for the machine ( all metal parts on the outside of the machine and the transformer 
must be grounded. Grounding the insertion door usually suffices: the other metal. 
parts are all connected up to this). 

Place the machine only in a dry space, even when you do not use it for a long time. 
Moisture affects the design in the top window, and the mechanism too. 

Consider the age of your "nostalgic" pinball machine: handle it gently. 

Play regularly: standing still for long periods is not beneficial to the mechanism. 


NEVER: 


Try to manually activate the coin insert switches. If you want to play free of charge, 
convert the machine for this use by bridging the zero position NO switch to the free 
_ game register (replay- or credit- unit). Then the free game button will always work. 
Turn the free game wheel in the top box. The 0- and limit- contacts will then become 
forced. If you want free games, read the above. 

Experiment with the mechanism. Adjust contacts, bumpers, flippers and such only in 
the suggested manner. 

Clean the top window on its painted side with anything but a dry cloth. By the way, 
this is rarely necessary. 

Clean the playfield with aggressive cleaners, or with water. Sparingly use furniture 
spray on a wax base. 

Play on when strange sounds (buzzes, rattles, etc.) appear. Pull the mains out and 
locate defect. 

Play without having slid the playfield window plate into the machine. 
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Appendix |. Score motor diagrams. 


Bally up to and including 1965. 

Type: Carrousel motor. Arrangement of the contacts: 1 = resting position contact, then 

clockwise: 2, 3, and 4. The lowest placed contact armature is denoted with A, and then 
count upwards: B, C, D and possibly E. One score motor cycle is 120 degrees, 3 cycles = 

one complete revolution of the carrousel. Time diagram: 


o° - 
20 40° $0 %0° 100° 120° 140° 1h0” 180° 200° 220° 240° 2ho 280° 300° 320° 340" 360° 


Bally: 1965 up to and including 1977. 

Type: Cylinder motor. Arrangement of the contacts: 1 = resting position contact, then 
counting from left to right (frontal view): 2 up to and including 11. The contact placed the 
closest to the switch wheels is denoted by A, and then count upwards : B, C, D, etcetera. 
One score motor cycle is 180 degrees, 2 cycles = a complete revolution of the cylinder. 
Some types also have a 12th contact (open after one cycle, closed after the 2nd) In some 
later types the switching of contact 9 (3-impulse) has been altered. Time diagram: 
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Williams: up to and including 1964. 

Type: Carrousel motor. Arrangement of the contacts: index = resting position contact, 
then counting counterclockwise: 3,2,1 and 4. To the lowest disc only the 5- impulse and 
5- impulse forward contacts have been attached. One score motor cycle is 90 degrees, 4 
cycles = a complete revolution of the carrousel. Time diagram: 


Williams: 1964 - 1977. 

Type cylinder motor. Arrangement of the contacts: index = resting position contact, then 
counting from left to right (frontal view): 1,2,3,4,5, impulse and impulse forward. The 
contact closest to the cylinder is denoted by A, and then counting upwards: B, C, D, 
etcetera. One score motor cycle is 180 degrees, 2 cycles = one complete revolution of the 
switch wheels. 


Gottlieb: all construction years: 

Type: Carrousel motor. Arrangement of the contacts: 1 = resting position contact, then 
counting clockwise: 2,3, 3.5 (brake) and 4. The contacts attached to the lowest disc are 
denoted~by: A, and then counting upwards: B, C, D, and possibly E. Contact group C is 
switched by the top disc. D and E by the pins mounted on top disc. One motor cycle is 
120 degrees, 3 cycles = a complete revolution of the carrousel. Time diagram on next 


page: 
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Appendix II Diagram symbols 


BALL COUNT UNIT 


on 
= 
AL 


Wiper contact + contact plate 


Fuse 


iS Amp. 


LOCK RELAY 


15 £2 


Coil / solenoid 


Transformer 


Resistor 


Contact before 1965 ‘\ 
e@ 


N. 


Motor contact = (In Gottlieb: no circle) 


Score motor 


4t8 


—“ 
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Lamp 


Plug and socket (for adjusting) 


Reference to another part of 
the diagram 


—+— 


Gottlieb Connected wires 
Gottlieb | Not connected wires 
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Appendix III The Gottlieb player unit (1970 - 1977). 


The player unit used in these construction years, which operates the player's turns, 
activates a switch wheel -just like the score motor-. On this cylinder there are five groups 
of contacts, numbered 1 to 4 (counted onwards from the steel cog wheel) for the 
respective players, and contact 5 for the starting position of the unit (Ist player, 1st ball). 
The switching order of the contacts on the cylinder in all (30) positions of the cogwheel is 
denoted in the following diagram. The last ball and some score reset functions are 
activated over the contact plate of this unit, and therefore do not appear in this diagram. 
For more information on the operation of these circuits: Chapters 25-B, 25-C, 27-C. 


POS: 1234567 8 9 wu y213 415 16 17D I9 20 21-22 83 24 23h 27:99 09 38 


TY 


a Saas 
ayer? | 29 414 2 32 ‘ 3 5 2 4 4 3 


_ Appendix IV Coil table 


Flipper solenoid 184-190 A-5141 


A-4893 


i E- FL-2 
G-22-550 
‘Thesame(DC) | AP-27-1300_| _G-23-850DC__ | 
‘Thesame(DC) | AP-27-1300_ | G-23-850DC_ | am 
E- m 
G-23- 


Post "down" solenoid AP-26-1200 23-750 eae 


A 
A 
A-5193 
A 
A 
A 


Post "up" coil G-31-1800 M-29-1000 


Score counter (tin) |---| DU-23-740 


Post (one solenoid 184-261 | nem | 


1496 


A-9154 


-5194 


Bell solenoid | 31-0-55 A-23-750 5143 
Xylophone bell solenoid | CC-31-2000 A2-26-1300 A-12092 


| 
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Electromechanical pinball machines 
are switching on more and more as 
collectors items. And rightly so! 
Both from a technical and an 
arcLstic viewpoint they are 
representative of the time they 
were constructed: the fifties, 
the sixties and the seventies. 
But how can we keep them going, or 
repair them? Where lies the logic 
in this jungle of wires, coils, 
lamps and contacts? This book 
offers clear explanations of the 
way the electromechanical pinball 
machine works, for beginners’ as 
well as ror more experienced 
mechanics. Let's hope that this 
manual will contribute towards 
the conservation of many of these 
marvellous machines, 
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